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Xft th e  p a s t ,  T esy  l i t t l e  w ork h a s  b e e n  re p o r te d  o n  th e
p h o sp h a te s  o f  th e  to r e a le n t  r a t a l s ,  end  tik e  p re a r a t  s o r t  n e e  u n d e rta k e n
to  th e  p o s i t io n  re g a rd in g  th e s e .
th e  p h o sp h a te s  o f  I s o n , e h r o n lr a , an d  e lm ln la n  h a re  b een  
s tu d ie d  from  te e  p o in ts  o f  t i e s ;  f i r s t l y  t o  e X u e id a te  th e  ty p e  e n d  a n th e r  
o f  oonpoun d s  m n ^ n l I n  th e  e y s te n s  « a t i )  o x id e , p h o sp h o ric  o x id e , en d  
e n te r  by u s e  o f  th e  te r n a r y  p fe a so -d ia g rra , end s e c o n d ly , to  s tu d y  th e  ty p e
o f  co n p lex  p r e s e n t  b y  n e e  o f  iQ n-exehoiifjQ  re sin s©
t h e  f e r r i c  p h o sp h a te  s ystem  n e e  s tu d ie d  a t  26°C . r a d  s  o o n p le te  
p h a s e -d if ig ira  g le a n  f o r  a  ra n g e  o f  s c A n tlra a  c o n ta in in g  up to  664 o f  
p h o sp h o ric  oxide©  A r o u te  b y  th le h  th e  s ta b le  t e r t i a r y  p h o sp h a te  l e  
s t a i n e d  v i a  a  iaa t e s t a b l e  p rim ary  s a l t  an d  •  none rural c h a r a c te r is e d  b y  t  
s e r i e s  o f  p a r a l l e l  t l e - l l n e s  h a s  b e e n  e s ta b lis h e d  e n d . I n  th e  n m  
e o o e ra tr a te d  r e g io n s , th e  e x ls ta a o s  o f  e  te tra p h o s p h a te  o f  i r o n ,  I b g P ^ o ^ , 
K*ai b een  oonflxned©  On th e  o f  im t-o x d m iig e  s tu d ie s  w ith
en d  b a s ic  e x c k o n ^ e ra , th e  — oc np l e x  D peoies I n  s o lu t io n  h<u| b een  a h e m  
to  t o  [ t o d o o ^ g ] 3" .
A t 0 ° C ., ch rom ic p h o sp h a te  h a e  b e e n  shown t o  g iv e  a  ra n g e  o f  
p u rp le  s o lu tio n s  a d ,f a e  in  a h le h  th e  o h rc n lra  i s  I n  th e  f or a  o f  th e  
h ax aq n D eb rcn ie  Io n  ( a  co m p le te  | | | i e 4 l i p M i  h e e  b een
e i* m  f o r  th e  m a g e  o f  s o lu t io n s  c n n tn la ln g  o p  t o  B tjl o f  p h o sp h o ric  o x id e .
B i  c a rra a p c n d ia g  s y s te s  « t  4 0 ° 0 . h a s  a l s o  bat® s tu d ie d  an d  
s h o rn  t o  b o  o o n p lax -co n t a ln ln g .  d l l  s o lu t io n s  an d  s o l id s  m  g r o w  and  
th e  e x is te n c e  o f  to e  t e a  |o»iK >4 ) 2(a^O )8 j  ®” and [oKKPOij)(HgO)4l + 
h a s  b ean  p o s tu la te d  o n  th e  e v id e n c e  o b ta in e d  fro m  In n  am h n n p i a x p a r te s n ta  
o a x r ls d  o a t  o n  s ta b l e  s o lu t io n s  c o n ta in in g  u p  t o  O f  e f  p h o o p h o rle  o x id e .
J b a  a lu m ln iu n  j h o q t e t e  a y tr ts a  b a a  b a a n  s tu d ie d  a t  S ^ ) . ,  b o th  a n  
to a  b a s i s  o f  t b s  te r n a ry  p h a se  d i n g y  M d  io n -e x ch an g e  e x p e rim e n ts  c a r r la d  
o u t  o n  s ta b le  a a to t to n s  c o n ta in in g  up t o  SO? o f  p h o a p h n rle  o x id e . On 
th s  h n g fa  o f  th e  r e s u l t s  o b to ltie d , o f  t h s  1* ^
[a1(H P04 ) 3] 3“  b a a  b a a n  p o s tu la te d , a a  b a a  a l s o  t h a t  o f  a  c a t io n ic  ocw plax  
o f  in d s te a s s lx ia ts  caripoa ition.
A ll  to s a a  a y s ta a s  bat* b aan  a h e m  to  e x h ib i t  a  n e g a tiv e  s o lu b i l i t y  
c o e f f i c i e n t  I n  th e  a n x a  d i l u t e  re g io n s  a f  th e  sy stem , n m r iy  t h a t  
o o rro o p o n d ln g  to  th e  re g io n  o f  s t a b i l i t y  o f  th e  t e r t i a r y  p h o sp h a te .
A dlBBua a lw a b a a  b a a n  g iv e n  o f  to o  b e h a v io u r  a f  p h o e p h a to -g ro u p e  
a s  l ig a n d s  an d  a l s o  o f  to e  p o aatb lo  fo rm a tio n  o f  s a l t s  a t p o ly p to s p h o r ic  
a c id s  i n  to e  a m  oonocn tx w ted  s o lu t io n s .
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T m  r e p o r t s  o r e  a v a i la b le  o f  s y s te m a tic  w ork c o  th e  p h o sp h a te s  
o f  th e  te rv a le x it  m e ta ls . Even w here th e  r e s u l t s  o f  p h n se-d lag x em  
s tu d ie s  h av e  b e e n  p u b lis h e d , a s  I n  th e  e a s e  o f  i r o n , s e v e r a l  f e a tu r e s  a r e  
l e f t  u n e x p la in e d , su c h  a s  th e  p e r s is te n c e  o f  a e t a s t a b l e  s t a t e s  a t  th e  
lo we r  t —p M a tu re s *  4  s tu d y  o f  th e  t l w i l n l s i  p h o sp h a te  e y * t—  h a s  b e e n  
r e p o r te d , b u t  o n ly  In co m p le te  d a ta  h av e b e e n  g iv e n  a s  y e t .  I n  th e  
ch ro m ic  p h o sp h a te  sy s te m , w here th e  e x is te n c e  o f  b o th  g re e n  an d  p u rp le  
com pounds in d ic a te s  th e  p re se n c e  o f  com plex a s  w e ll  a s  o f  sSaqple s a l t s ,  
few  compounds h av e  b e e n  d e s c r ib e d  an d  no p h a se -d ta g se m  s tu d y  h a s  b een  made*
a lth o u g h  th e  o rth o p h o sp h a te  io n s  a r e  known to  foam  com plexes 
(e .g *  w ith  f e r r i c  I ro n )  in fo rm a tio n  c o n c e rn in g  th e  p x o p e r tle e  o f  th e s e  Io n s  
i s  s c a n ty  and  ev e n  c o n f l ic tin g *  B or exam ple, th e  com plex fo rm ed  b y  th e  
I n te r a c t io n  In  s o lu t io n  betw een  e q u ln o le c u la r  M o u n ts  o f  f e r r i c  c h lo r id e  
an d  p h o sp h o ric  a d d  h a s  b een  a s c r ib e d  by v a r io u s  a u th o rs  th e  fo rm u la e  
[ * V < r »  & « ■ » * > ] +  * *  [ M w . j c i s ] 3 * may b e  ta k e n  to  Im ply
th e  p re se n c e  e f  n a m e -, d l -  an d  t r i - d a n t a t e  p h o sp h a te  g roups r e s p e c t iv e ly .  
S tu d ie s  o f ,  f a r  ex am p le , th e  f e r r i c  p h o sp h a te  sy stem  by c o n d u c tio m e tr ic , 
io n  m ig ra tio n , s p e c tz o p h o to in e tr lc  an d  s o l u b i l i t y  m ethods h av e  f a i l e d  to  
e s ta b l i s h  c l e a r ly  th e  n a tu re  e f  th e  com plexes formed®
One o b je c t  o f  th e  p r e s e n t w ork w as, th e r e f o r e ,  to  e s ta b l i s h  th e  
th e  num ber and  c o m p o sitio n  o f  th e  compounds form ed a t  o n e o r  m ore 
te m p e ra tu re s  in  th e  sy stem s f e r r i c  o x id e -p h o sp h o ric  o x id e - m te r ,  ch ro m ic
o x id e -p h o sp h o ric  o x id e -w a te r  an d  H lm ala iu n  o x id e -p h D sp h o rlo  o x ld e -w a te r  by  
p h a e e -d la g ra a i s tu d ie s *  A  f u r th e r  o b je c t  r a n  to  ad d  t o  th e  e x i s t in g  
know ledge on  th e  n a tu r e  o f  th e  Io n a  p r e s e n t  i n  th e  l i q u i d  p h a se s  o f  th e s e  
s y s te m , p a r t i c u la r ly  w here  com plex fo rm a tio n  e a s  su sp e c te d *
S in c e  th e  g r e a t e s t  hope o f  s u c c e s s  h e re  la y  in  th e  a p p l ic a t io n  
o f  a  te c h n iq u e  n o t  p re v io u s ly  em ployed i s  m ils  f i e l d ,  a d v a n ta g e  h a s  b e e n  
ta k e n  i n  th e  p r e s e n t w ork  o f  th e  r e c e n t  developm ent o f  io n -e x c h a n g e  
m ethods f o r  th e  s tu d y  o f  com plex com pounds b a se d  o n  th e  u s e  o f  s tr o n g ly  
b a s ic  an d  s tr o n g ly  a c id ic  ex ch an g ers*
The c h o ic e  o f  th e  p h o sp h a te s  o f  i r o n ,  chrom ium  e n d  a lS K ia h n  
f o r  s tu d y  u a s  in f lu e n c e d  b y  th e  f a c t s  t h a t  w h ile  th e  m e ta ls  a r e  o f te n  
s im i la r  i n  t h e i r  b e h a v io u r  (e .g *  i n  b e in g  p r e c ip i ta te d  a t  th e  sa n e  s ta g e ,  
G roup m 9 i n  th e  q u a l i t a t i v e  a n a ly s is  a  c h e m , an d  i n  fo rm in g  a l m s )  th e y  
d i f f e r  i n  th e  on no i n  th e y  fo rm  com plexes w ith  c o n ta in in g
o x y g en  a s  th e  d o n o r atom * Z t n e e  hoped t h a t  a s  a  con seq u en ce o f  a
co m p ariso n  o f  th e  p r ope r t i e s  o f  th e  th r e e  e y s te n s , m ore w ould b n  l e a r n t  
o f  th e  b e h a v io u r o f  th e  p b o sp h a to -g ro u p e  a s  lig a n d s *
• 2 *
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(b )  a a .  g g » .  ocmppagB* m a o  P ta a w *
B or sy s te m s  o t  t e r e s  com ponen ts, f o u r  dag r eso  o f  f r e edom a r e  
p o s s ib le  s in c e  th e  te m p e ra tu re , p r e s s u re  an d  th e  c o n c e n tra tio n s  o f  te o  o t  
th e  com ponents m ay b e  v a r ie d  in d e p e n d e n tly .
The sy s te m s  u n d e r c o n s id e ra tio n  l a  th e  p r e s e n t  w o rk , how ever, 
a r e  s o l id - l iq u id  a y s tm e , e n  t e i t e  th e  e f f e c t  o f  p r s a s a re  i s  v e ry  n a i l  
an d  hence t e e  p r e s s u r e - v a r ia b le  ca n  b e  d is re g a rd e d  an d  w ork c a r r ie d  o a t  
u n d e r a tm o sp h e ric  p r e s s u r e . T h is  ty p e  o f  sy ste m  i s  known a s  a  
"co n d en sed  sy s te m " .
F u r th e r  s im p l i f ic a t io n  c a n  b e  a c h ie v e d  b y  s tu d y in g  th e  sy stem s 
u n d e r  iso th e rm a l c o n d itio n s*  00 t e n t  o n ly  t e e  tw o c o n c e n tr a tio n  ta m e  c a n  
b e  in d e p e n d e n tly  v a r i a b l e ,  t e a s  e n a b lin g  a  p la n a r  d iag ram  to  b e  u s e d . 
A lth o u g h  r e c ta n g u la r  c o - o rd in a te s  c a n  b e  u se d  (e n d  o f te n  a r e )  i t  i s  m ore 
u s u a l  to  u s e  th e  t r i a n g u la r  d ia g ra m . The t r i a n g l e  can  b e  o f  an y  s h a p e , 
b u t  th e  e q u i l a t e r a l  t r i a n g l e  i s  th e  m o st c o n v e n ie n t, each  s id e  b e in g  ta k e n  
t o  r e p re s e n t 100%. X f th e  te m p e ra tu re  a x is  i s  ta k e n  t o  b e  
p e rp e n d ic u la r  t o  th e  p la n e  o f  th e  d ia g ra m , th e n  I t  o a a  b e  se e n  t h a t  th e  
d iag ram  i s ,  i n  e f f e c t ,  a  s e c t io n  th ro u g h  a  s o l id  m odel a s  in d ic a te d  In  
f l g . l .
T h era  a r e  s e v e r a l  p r o p e r t ie s  o f  th e  e q u i l a t e r a l  t r i a n g l e  w h ite  
m ake i t  p a r t i c u la r l y  s u i t a b l e  f o r  th e  r e p r e s e n ta t io n  o f  a  t h re e  com ponent 
s y s te m s -

( I )  T w  a a y  p o in t  in  th e  e q u i l a t e r a l  t r i a n g l e  (P , i n  l l g . 2 . )
th e  gww> o f  th e  d is ta n c e s  o f  t h i s  t o  th e  o f  th e  t r i a n g l e ,
m easu red  p a r a l l e l  t o  e a c h  s id e  i n  t u r n ,  i s  e q u a l t o  th e  le n g th  o f  th e  s id e  
o f  th e  t r i a n g l e ,  I . e .  a  + b  + e  »  100%
Thus P  u n iq u e ly  r e p r e s e n ts  a  m ix tu re  m ade up  o f  a% o f  * ,  h£  o f  
B , en d  o% o f  6 .
( I I )  X f a  l i n e  i s  d rawn  th ro u g h  an y  c o rn e r  t o  a  p o in t  o n  th e
o p p o s ite  s id e ,  th e n  t h a t  l i n e  r e p r e s e n ts  v a ry in g  am ounts o f  th e  componen t
r e p re s e n te d  by  t h a t  c o m e r , w ith  th e  o th e r  tw o b e a r in g  a  c o n s ta n t r a t i o
t o  e a c h  o th e r ,  e # g .  a l l  p o in ts  o n  AZ (F ig .2 « )  r e p re s e n t  a  c o n s ta n t r a t i o
o f  B t o  6 ,  v i z .  XC t o  BX, w ith  v a ry in g  am ounts o f  A .
( i i i )  A l i n e  d r a m  p a r a l l e l  t o  any  s id e  r e p r e s e n ts  a  c o n s ta n t 
a mou n t o f  th e  e m g p m m t r e p r e s en te d  by th e  e o z s e r  o p p o s ite  t h a t  s id e ,  w ith  
v a ry in g  am ounts a t  M e  o th e r  tw o . e .g .  XX r e p r e s e n ts  a  c o n s ta n t 
p r o p o r tio n  o f  A .
( i v )  X f R an d  S r e p r e s e n t  th e  c o m p o sitio n s  o f  an y  t m  m ix tu re s  
o f  th e  th r e e  co m p o n en ts, th e n  a n y  p o in t  c n  th e  l i n e  jo in in g  th e n , s u m  a s  
T ( F ig .S .)  r e p r e s e n ts  a  m ix tu re  o f  R en d  S  i n  th e  pr o p o rtio n s  IB  an d  S  
r e s p e c t iv e ly .
From t h i s  i t  fo llo w s  t h a t  w hen o n e  m ix tu re  i s  added  t o  a n o th e r  
m ix tu re , th a n  th e  p o in t  r e p r e s en t in g  th e  p ro d u c t m oves i n  a  s t r a i g h t  l i n e  
to w ard  M a t M ic h  I s  a d d e d . H ence M e e f f e c t  o f  s o y , d i l u t i o n  o f  a  
g iv e n  s o lu t io n  may b e  d e d u c e d . ig a in , i f  M e  cx x ap o eitio n  o f  o n e  p h a s e , 
sa y  R , l a  know n, an d  t h a t  o f  a  m ix tu re  * ,  o f  t h i s  en d  a n o th e r  p h a s e , S , 
th e n  M e c o m p o sitio n  o f  th e  l a t t e r  can  b e  a s c e r ta in e d  by  e x t r a p o la t io n .
F
IG
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U se 1s  m ade o f  t h i s  i n  aeh re ln an & lcsrs9 *w et re s id u e s* ’ m ethod 
o f  f in d in g  th e  c o m p o sitio n  o f  th e  s o l id  p h a se  i n  © equilibrium  w ith  a  g iv e n  
s a tu r a te d  l i q u i d .  (Sehrelxterasdoers, 1 . )
I f ,  f o r  ex am p le , th e  l i n e  Ii#9 r e p r e s e n ts  a  s e r i e s  o f  s a tu r a te d  
s o lu t io n s  r a d  X th e  s o l i d  w h ich  i s  in  e q u ilib r iu m  w ith  th e n , th e n  th e  
e o n p o s ltlo n  o f  a s y  te n  s o lu t io n s  su c h  a s  L  en d  Lv ca n  b e  a s o e r ta in e d  by 
d i r e c t  a n a ly s is ,  b u t to  o b ta in  th e  comp o s i t i o n  o f  X by a  s im i la r  p ro c e s s  
n a y  b e  e x tre m e ly  d i f f i c u l t .  T h is  fo llo w s  e s p e c ia l ly  when X c a n n o t b e  
u n sh ed  f r e e  o f  m e th s r - liq u o r  w ith o u t d e c o m p o s itio n . The a a a p le e  o f  
s o l id  a r e  t h e  ta k e n  w h i ls t  s t i l l  m o is t w ith  m o th e r - l iq u o r , th e  a n a ly s e s  
th e n  g iv in g  th e  p o in ts  n  a n d  n 9 • T he in te r s e c t io n  o f  I n  an d  L*n9 
p ro d u ced  th u s  g iv e s  th e  c o m p o sitio n  o f  X . I n  p r a c t ic e  th r e e  o r  f o u r  
su ch  " t i e - l i n e s *  a x e  r e q u ir e d  in  o r d e r  t o  f i x  a c c u r a te ly  th e  c o m p o sitio n  
o f  X .
l a  t h i s  way a  co m p le te  rnmmneiit p H n  b e
c o n s tr u c te d , c o n s is t in g  o f  th e  s o lu b i l i t y  is o th a m s  ouch a s  IX f , jo in e d  b y  
a  a e r ie s  o f  t i e - l i a e s  t o  th e  s o l id  i n  e q u i l i b r i t n  w ith  th e s e  s o lu t io n s ,  e  
b re a k  i n  th e  s o l u b i l i t y  i s o  th e m  g e n e r a l ly  o c c u r r in g  a t  e a c h  change o f  
p h a s e , a s  in d ic a te d  i n  th e  d ia g ra m .
O c c a s io n a lly  th e  t i e - U n e s  o b ta in e d  do n o t m eet a t  a  p o in t ,  b u t  
e i t h e r  d iv e rg e  o r  re m a in  p a r a l l e l ,  i . e .  th e  s o l id  p h a se  a t  e q u i l ih r lu n  
v a r ie s  c o n tin u o u s ly  w ith  th e  c o m p o sitio n  o f  th e  l i q u id  p h a s e . t h i s  
o c c u rs  f o r  ex am p le , w hen a  s e r i e s  o f  s o l id  s o l u t i o n  i s  D om ed.
Cc) Ioo*9xcl]»2kf9B iie a in a
* 9  ■ ii.ipmmm  ■ mdS fkm Z m m  ■ X  iM T m i■ Wnii i np i ' S -
X on-oxcbange a s  a  p ro c e s s  m s  f i r s t  o b se rv e d  b y  t m  B r i t i s h  s o i l -  
s c i e n t i s t s ,  Kagr am i Thom pson, i n  laso ( 2 ) .  They n o tic e d  t h a t  s a s h  s a l t s  
a s  asanonium s u lp h a te  an d  p o ta sa itx a  c h lo r id e  c o u ld  n o t e a s i ly  b e  le a c h e d  o a t  
f r a *  s o i l  by  th e  a c t io n  o f  r a in - w a te r .  I t  m s  n o t u n t i l  2305 t h a t  t e e  
s u b je c t  m a  re -o p e n e d  b y  O aas ( S ) ,  vfco, a f t e r  a  s e r i e s  o f  s tu d ie s  cm th e  
e o l lo id - e h a a is t r y  o f  t b s  a lm S n e - e i l io a te s ,  r e a l i s e d  t e a t  th e y  c o u ld  b e  
u se d  f o r  m te r - s o f t e n i a g .  te d s  in v o lv e d  th e  p e r c o la t io n  o f  "h a rd "  ( i . e .  
c a lc iu m -c o n ta in in g ) w a te r  th ro u g h  a  e o lu a n  p ack ed  w ith  a o d im  a lu ra to o - 
3  i l l  c a to , t e e n  t e a  c a le lu a  io n s  i n  t e e  w a te r  w ere re p la c e d  by  a o d im  io n s  
f r a  t e e  m in e ra l;  t e e  m in e ra l c o u ld  b e  re c o n v e r te d  to  th e  a o d im  fo rm  a f t e r  
e x h a u s tio n  by  p a s s in g  c o n c e n tra te d  b r in e  s o lu t io n  th ro u g h  te e  co lum n.
The m e  o f  s y n th e t ic  z e o l i t e s  ( " p e in u t i t e s ')  i n  p la c e  o f  t e e  n a tu r a l ly -  
o c o u rr in g  m in e ra l d a te s  from  t h i s  p e r io d .
B u te  m a te r ia ls  w e re , howe v e r ,  s o lu b l e  l a  a c id s  an d  w ere  n o t 
s u i t a b le  f a r  h y d x o g an -io n  ex ch an g e . Z t w as n o t u n t i l  1 9 3 6 , te e n  
o rg a n ic  Io n -e x c h a n g e  m a te r ia ls  w ere p re p a re d , t e a t  e x c h a n g e rs  w h ich  c o u ld  
b e  u se d  f o r  t h i s  p u rp o se  becam e a v a i l a b le .  C a tio n -e x c h a n g e ro  w are 
o b ta in e d  by  th e  c o n d e n s a tio n  o f  p h e n o lsu lp h o n io  a d d s  w ith  fo rm ald eh y d e  ( a  
t y p i c a l  s y n th e s is  o f  t h i s  ty p e  l s  g iv e n  I n  F i g . 3 . ( a ) . } ,  a n d  a t  t e a  a a n a  
tim e  w eak ly  b a s ic  an lo fr-ex n h an g e  r e s i n s  w ere  f i r s t  p re p a re d  by  
p o ly u m la ss  w ith  f o r a ld s h y f te  ( F i g . 3 . ( k ) . ) .  I n  r e c e n t  y e a r s  g r o a t  
a f r r a u M  h av e  b e e n  o a te  t o  th e  m u u fe c tu s e  o f  lo o -e x c h a n g e  r e s to s  o f
n r  ^  t y p i c a l  s y n t h e s e s  o f  e a r l y
—  IO N -E X C H A N G E  R E S IN S
(a) P heno l-su lphon ic A cid  Cation - exch a n g er
OH
CHaO
‘SCLH
J  ___________I
Condensation
i
(b) S e c o n d a ry  -a m /n e  W eakly-basic A n ton- excharge/
' OH
CHdO
CH£>NH.CH3
“ 1— —  
Condensation
i
j
in c re a s e d  s t a b i l i t y  a n d  o f  a  m are uaitorra structure an d  with a  v a r i e ty  cf 
a c t iv e  groups®
M e  f i r s t  r e q u i s i t e  t o r  a n  io m -ex o h an g sr i s  c o m p le te  I n s o lu b i l i t y  
i n  th e  modlum In  w h ich  i t  i s  t o  h e  n e e d , an d  M is  i n s o l u b i l i t y  i s  a c h ie v e d  
by  c r o s s - l in k in g  lo a g -c fc a in  m o le c u le s  to  p ro d u ce  a  l a r g o ,  th ro e  fllrwcMylowil 
a o i f t f t t i a f  network® t o  t h i s  n e tw o rk  a f f ix e d ,  a t  -the
I
chains, the active exchange groups, I.e. -SO^ES ; -COOH ; -OH etc® tor the
+cation exchangers and -ddg ; -W& ; -ERg ; etc®  tor the an tom
oxehangors. Although attached to a large hydrocarbon skeleton, these 
groups sheer the seats characteristics as they do whan present in sixpler
OJfOHlllC OOlTOOlDld f'i A
A ll  th e s e  f u n c t io n a l  g ro u p s  te n d  t o  s o lu b i l i s e  th e  r e s i n  a n d  to  
c a u se  i t  t o  s e a l l  i n  w a te r , w h e reas  a n  in c r e a s e  i n  th e  d e g re e  o f  cross- 
l i n k in g  h a s  th e  o p p o s ite  e ffe c t®  S ia m  th e  u s e f u l  c a p a c ity  i s  i n  th e  
w e t (sw o lle n ) s t a t e ,  t h i s  i s  a t  a  maximum w ith  f re q u e n t c r o s s - l in k s  an d  a  
h ig h  c o n c e n tra tio n  o f  a c t iv e  g ro u p s  a lo n g  M s  chains®  H igh cross- 
l in k in g ,  howeve r ,  s lo w s down Me r a t e  o f  d i f f u s io n  o f  Ia n s  th ro u g h  Me resin 
( e n t i r e l y  p re v e n tin g  th e  p a s s ag e o f  l a r g e  tom e) an d  a o  in  p r a c t ic e  a  
com prom ise i s  n o d e , c o a s ls to n t  w ith  h ig h  sanohftwao c a p a c ity  an d  h ig h  
ex ch an g e  rate®
to Ms studies cn complex toxeatloa, Mnofunctional resins of a 
strongly acidic or of a strongly basic nature were required® These 
based a n  a polystyrene polymer , with either eulphcmic acid or quaternary 
MWMBlci groups as the active centres, appeared most suitable (typical 
syntheses of such resins being given in Iig.4®)* Moss chosen wero the 
analytical gradoo of k*eo—&axt> 225 as the cation nywg q^q ^
F I G .4 .
T Y P I C A L  S Y N T H E S E S  O F  IO N -E X C H A N G E  
R E S I N S  B A S E D  O N  P O L Y S T Y R E N E
ch=ch2 c h = c h 2
Styr e n c Divmyl benzene
sCH=CH2
Suspension Polymerisation
I
—  CHj CH —  CH2-  ch  - c h 2 -  ch  —  c h 2 —
Cross-linked Polystyrene ^ 2  ^  CHg
Direct
Sulphonjtion
—  CH2—CH —  CH2— CH
5 0 3H
Chloivmcthylation 
followed by 
T r im e th y la m in e
t
—  CH,—  CH CH2— CH—
•S03H
ch2- ch- ch2-
C ahon- e x c h a n g e  R e sin
(strongly acidic fr  monofuncfional.j
(ih j) - ^ chV  K V ct£
2 — c h 4— c h - c h 2
A n /o n  - e x c h a n g e  R e s in
(Slronoly haste monofuncfional.^
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t h e  ^ t o i H r i iT h f in ^ f f i
Ion-exchange reactions hare the following three important
features
(a) They axe stoichiometric; hence every greree-equivuXant e t  
the loot taken up fay the resin liberates one swrne iif ly id w t o f tbs ion 
in it ia lly  an the resin.
(fa) Xtoy ere renxaahle and the fin a l state o f the aywtre is  
independent o f toe direction fran which equilibrium ls  apysoatoeA.
Owing, however, to d ifferen t tistes o f d iffusion, a considerable difference 
in  toe time taken to reaoh equilibrium frcn toe d ifferent directions nay 
be observed -  an a ffec t o f th is type night be particu larly  enhanced vfcere 
ooinplex tarnation oocura between toe adsorbed ton and toe functional
££. 3?01AT33 e
(e) A ll exohango groups (e ith er basic or aeldle) am aceesaable 
as sites o f exchange fo r small isms.
Two main uses were made o f Itia-aaoohange resins la  the pro sent 
work. F irs tly , In  the analysis o f phosphate by the method described by 
Salmon end Terrey (3 ), the iron or chromium Interferes and so was replaced 
by hydrogen ions by percola ting the solution to be analysed through a 
co lim  packed with the hydrogen form o f ZJC.JKU5 (a phenolnulphonic-ucid 
re s in ). only the Fa34 and JoriHgO)J34 ions could he seooessfhlly 
separated from phosphate by th is  method, since in  the complex (green) 
cim xiic phosphate and the a lualafe* phosphate systems, the formation of 
stable ooapl exes prevented a complete separation. F u lle r exparimorrtal 
details are given In  the appropriate Sections.
toe other application o f loa-excha&ee m  to the study o f the 
typo o f loss proaont to solution. The earlies t reported use o f ioa- 
exchoBge m aterials to  tola fie ld  woe e study by (tostrHur-Setalse («) o f too 
complex ioas formed between divalent nata l loss (M8*) and chloride isos.
His o s ra to to  that the chloride on the oettna oxchanger ms due to the 
formation o f [ * a ] + was, however , la te r shown to be invalid  (8 ).
I
Wds led Guotavson (6) to eamtoe the nature e f nlnni ili* i
containing ion® in  chrome—llqtx*rs used in  the tam ing industry* 
technique was to ©bake tee exsehanger with tea solution fo r a H alted  period 
o f time, or to percolate tee liq u id  through a packed with tea
m aterial, examining the residual solution sad the m aterial adsorbed (a fte r 
elution f r a  tee exchanger) *
tee technique adopted in  tee present work nan a batch method.
In  th is a known weight o f tee exchanger ms taken ,  and added to a 
volume of solution, tee two being shaken together u n til equilibrium ms 
reached* tee weight o f exchanger used ms as « » it  as was oaas latent 
with case o f handling ( i.e . 0*250 -  1.000 $&,) and tea volme o f liq u id  
ms such teat the oquiXihritaa in  i t  was not unduly affected by tee 
substitution o f sons o f tee ions pro sent by others frora tee resin* tee
exchanger was teen transftoed to a opium, washed (very rapidly a t fiz e t to  
renove tee bulk o f tee adhering solution -  to avoid interaction between tee 
p a rtia lly  diluted solution and the resin) and treated with a suitable 
eluting agent to raovo the species adsorbed.
In  tee case o f the anlcn-exohaaes experiments, the method was to  
add 1*000 ga* o f resin (in  the phosphate fom ) to each g a llo n  being 
investigated. Usually 100 i&1* batches o f solution were employed, f
—8 —
the solution* were d ilu te , Men m m  m a  used® M s w e  o f the phosphate 
tom  o f M e rosin avoided M y disturbance o f the eq tfllb rin a  arising from 
Me introduction o f foreign ions.
the rosin mm generally lo ft  is  contact with Me eolation t w  
(Mont three weeks, with d aily  Making, in  order M at e q o ilih rin  night he 
achieved and Men filte re d  through a aoall slatered-glass column (Fig®?®) 
and washed to n e u tra lly  o f washings te  methyl orange® the adsorbed 
m aterial mm Man eluted with SB® n itr ic  add and the resulting solution 
analyzed te  ascertain the nature o f Me species adsorbed and also the 
a + i o t t n t s  j j r a f s e n t *
A p a rillo l procedure use adopted nrtigg the outlcm—ocxc&^ger® 
the resin m s used In  botches o f 0*500 ga® o f the hydrogen tom  (since Me 
solutlm s mss nlmwdy odd -  pH oa. 1.5 or less -  M s istrodootion o f 
iyd iig m  ions cn m b a p  had l i t t le  a ffect an M e egdlibriun)®
M e resins varied in  capacity from batch to  batch and also w iM  
the dry weight (M ich  a lte rs  w ith Me re la tive  humidity) . As a re su lt, 
as more information could be thereby, Me capacity o f each
batch o f resin was determined a fte r use end the results o f erperimmts 
recorded as sols® o f adsorbed m aterial per equivalent o f resin (caper in ' 
ental details are given in  to rt IX .) Share i t  could be assumed that 
the resin was saturated, i t  proved possible to  main deductions as to the 
nature o f Ms lens adsorbed, end the method o f doing M is  Is  to lly  
explained in  to rt XX®
- 1 0 -
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(a)
While a general review o f the position regarding the fe rric  
phosphates has been presented by MaUiot (?) , the previous work relevant to  
the studies is  given below.
Since phosphoric acid lm  three replaceable hydrogen atone, 
there are theoretically three possible series o f staple salts o f a 
tervalsnt metal, v iz  :
1 , te rtia ry , HK>4# with tea ra tio  HgO^ sP^ Dg a 1 : 1  
2* Secondary, Mg(1 8 0 4 )3 , ^  the ra tio  MgO^ sFgOg *  2:3 
3* Primary, H{HgP04)3, w ith the ra tio  Styo3 :PgOb a 1:3  
In  practice another stories w ith tee ra tio  -  1 :2  often makmm Its
appearance and th is  w ill be described as "Pxtmry-oaocndary*1 since tee 
qoBgoruaOs belonging to  I t  a n  be w ritten  in  the to m  !l(HgPO )^ g-hg (HK>4) 3, 
but aons o f tease trams should be ttffcoa to  imply any particu lar structure*
terete  te rtia ry  phosphate, te^Q^P^CtyjxtftyO, has been described 
by a iwnher o f workers, bet tee various reports a ttrib u te  d ifferent 
amounts e f enter  o f crysta llisatio n , tens I*bxay (7 ), Srlaoatsyer (8 ), 
and B ailer ( t )  regarded i t  as the totra-bydxate, letaland and tesgsabar
(10) as the penta-hydrute, W itteteim (11) as the octa-hydxate, «htim 
Bragmum (7) considered I t  to  have a variable water content. S vn  tee
study o f tee pbose-dlagra has not provided a d efin ite  answer to th is  
prbbXea. athough Carter and Eartshoxne (12) regarded tea
compound as a peuta-aiydxaie (and th e ir results seem to  Justify th is) they
P L A T E .  1 .
(x .4 0 5 )
C . FcaO j: 3  fjj05 IO
( X 2 2 S )
5H 2 0 B. Fe203 2P205 : 6H 20
(x225)
Fe203 ■ 3 /|0 5 : 6H 20
(*22S)
E .  F e 2 0 3  = 2 f j 0 5  
(x 0 5 )
la te r (13) altered th e ir opinion in  favour o f the tetru-hydrat©  
composition. The main evidence fo r the tetru-hydrate -  ftepmila seems to  
he based on a comparison w ith the mineral stcnglte, a compa rison which is  
probably not ju s tifie d  sinoe the mineral was almost certainly formed under 
to ta lly  d ifferen t conditions. The present  results provide strong 
evidence that the te rtia ry  phosphate is  in fac t a penta-hydrate.
Two primary-secondary fe rric  phosphates have previously bean 
described and they are Fe203s2ity0t-:c!i2G and Fe^ O :^ UHgO. T%m
f. •
former has been reported by Krlmaasyer (8 ), Dede (14 ), Garter end 
H<xrtahoxns (IS ) and B ailer (9 ), (Carter and Hartshorn© ami B ailer cm the 
basis of the pb&se-diagxeas a t 70° and 40° C. respectively) and the la tte r  
by B ailer from the phaso-dlagran a t 40°. The mace highly hydrated 
compound is  peculiar In  that i t  is  described as yellowish-white, a t 
variance with the usual pink or lila c  colour o f the stable fe rric  
orthophosphates. In  the present work evidence is  frond only fo r the 
lower hydrate.
Two primary compounds have been described, v iz: 
by kzlcflBBMysr (8 ), Garter and Hartshorns (18 ), and B ailer (9 ), end
FogOgiSFgG s^lCB^O by B ailer, and Carter and Hartshorns. Both these 
compounds ur© coaflraed in  the present work.
▲ further compound,  Fe203:4Pgo5:9H^0, also described by B ailer (9) 
is  probably the primary compound with phosphoric acid of c rys ta llisa tio n .
He formulates i t  as , bet tills  sesms unlikely.
Other oonprnmds have been described, but not am***™*-* by pbnxi 
diagram studios, « .g . Krlm wsyor awxsrlbos •  toad, series o f compound.
- 1 3 -

v ik  the V ij^  : FgO^  ra tio  varying from  2:5 to 8:0 which ore probably a 
M riM  a f hydrolysis products or mixtures. M s various basic compounds 
deecrliofl la  the lite ra tu re  have also sot been confirmed la  tbs phooe-dia- 
gnus work®
f t f ioat  effo rts  to establish the phaso-diagrtm a t 2Sfi were 
ehenrtrwniT because meta-stable states wars eneoaaitsgsd, Omnemn end B ell
(15 ), Carter and Hartshorns (1 2 ), sad Salmon (16) found a series e f p ara lle l 
tim -llass p rn ln tsfl up ts  94 e f phosphoric oxide, (see Fig.5®)
fla lm  f ound seldcnes to r s meta-stable primary s a lt (Sea H g»l)«
As Tugnrde the nature o f tbs Ions in  solutions o f fe rric  oxide 
In  phosphoric acid, M s position was also oontosed® Although there is  
abundant evidence to r M s formation o f coegdsaws bctwaen lb 3*  sad 
there is  l i t t le  qualitative or quantitative agreemen t between Ms various 
workers in  th is fluid®
Clear uvldenoe to r Ms eadstancs o f c *—* conploxoo is  given by 
the decolourising action o f phosphoric acid cn fe rric  de solutions,
and Ma in tarfm nso  o f phosphoric add with M s oolorlnctric detenu inat ion 
of iron with thiocyaaatcs (Dqpre, 17®), M is  la ttn r ermnplc also supplying 
a rough M e a s u r e  o f th e ir stability®  M at sane to54 ions are present in  
eolations p h o s p h a t e  is  shosn by M s formation c f M s toussian
bins precipitate in  such sdatiens cn M s addition o f je tm lu n  ferro - 
cyanide®
Vdnlaad and tosgmbsr (10) considered that the complexes wars 
torriphoophorie acids such as B8jto (W 4)BjcnA % [fe(F04)5]  , and they
i® p o rt* wrtooa m iu . . 4 . m t
- 1 4 -

In  solutions containing chloride, Dede (14) end RIcca and Madurl 
( 1 8 )  suggested on the basis o f conductivity experiments that a strong add , 
H g |te t)C 1 ^ J  was formed, the chloride ions in  the complex being replaoed 
by phosphate teen an excess o f phosphoric acid m a present* In  addition 
Bices end Ifcdn ri reported tee tarnation of a s ilv e r s a lt, •
Jensen (1 3 ), explained tee results o f Dede and o f Hicco and 
M eiori by postulating tea tu rn itfw e o f j i in y o j4* ,  and on tee basis e f 
so lu b ility  date, stated that there wore only pure phosphate complexes 
formed.
By assuming that tee fe rric  thiocyanate complex ms FeCKS*4, and 
following tee decrease in  colour of adutions containing fe rric  n itra te  
and aodiua thiocyanate cm Um addition o f phosphoric add , Lanford and 
Kiehl (20) concluded that the oonplsx m s |fw B04] 4, since tee m ite s  
decrease in  colour oecnred a t a mol* ra tio  o f Fe : Kty equal to 1:1*
Banner jee (21) pointed out, however, that tlilnnysmtes ere not 
suitable fo r this purpose because o f the presence o f several fe rric  
thiocyanate ccmplems which vary w ith the concentrations o f tee reactants. 
He used theanonetric, conductioaetric, and oolorteetrlc titra tio n s  o f 
fe rric  chloride w ith phosphoric acid, finding breaks in  the titra tio n  
chrves which be attributed to the formation o f [:tanF04j 4 and [»e(HP04)8J * \
m te  recently, Salmon (16 ), investigating th e  fe rric  phosphate 
system by an lon-exchangs technique, came to the oondasion that in  pure 
phosphoric acid media the complex ls  [teCFO^J®* with
m&h less defindte evidence fo r complete fewer phosphate
- 1 5 -
groups pear iron . In  a la te r paper (28) he gives evidence that the 
concentrations o f any chlorof erriphoaphata complexes in  solutions o f Iron  
containing both phosphate end chloride most he vary lee  unlace eneh chlorih  
ls  p ta e d , and th is  is  supported by the s im ilarity  of the results then 
n itra te  is  substituted fo r  chloride, Evidence ls  also put forward to
- 1 6 —
or nearly equbaoleeular, amounts of fe rric  chloride and phosphoric sold.
—-oooGooo—
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X m  toe above ourvay i t  w ill be m b  tbat toe position regarding 
toe fe rric  phoophat©3 eets to r to e  satlstoctory, particu larly with regard 
to caBpoands to n e d a t or M a* root temperature, and to * present wort eaa 
undertaken to clear up toe tollowing points ae to r as paeelblai-
( I )  f c J M t o  toe toaac-dlagBM a t aS° o. to r toe
representation of th is  the components chosen m  fe rric  oxide, phosphoric 
oxide, end water rather than thorn used by B ailer (9 ), v iz ; fe rrle  
phosphate (U c . FVPO )^, phosphoric acid* and water* th is  method is  
b etter than B ailer9 s in  that i t  enables the direct p lotting o f analytical 
rccolts, and cakes no assumptions as to the constitution o f the compounds* 
then necessary i t  also a l lm  the representatio n  o f any baste oonpocmds, 
and is  the method e m p l o y e d  by most other authors* The formulae o f the 
compounds were ascertained by the use o f dehxeSamtoers* *wet residues” 
method es described in  Sect ion L (b ) ,
( I I )  fe  M toSteto toe-teM* < r f  otamlM present t o  saturate  
gelations. fa r th is  the use o f Ion-exchange resins was adopted, 
employing the ideas expressed in  Section ! .(« ) *  attempts were made te
ascertain the farm in  which the an tonic camping is  adsorbed, and to 
establish whether the ionjFeHPO^ (present in  fe rric  ehtorlde-phosptorie 
acid solutions) was present in  pare phosphate solutions*
'■■OOOQq O O  Ii.
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(o) SBMEESSgfeft
Apparatus: . fo x  the phaee-dlagram studies, conventional
w t®  bwtts controlled a t 88 *  0 .0 1 °  C . by tntiM— (flwi wirj regulators n t  
’Suavlc" relays man aaployed. K ffle ian t s tirrin g  o f the bathe was 
carried out by brass, belt-driven s tirre rs  and heating provided by ISO  
e le c trio -llg h t bulbs.
. When boillns-tubea naan used ta  ao rta l* the mixtures, they were 
held In  a but so racfc {Holding IS ) w ith th e ir tops just above the m te r- 
le v e l. Oecaainnally a larger volume than 30 a l. aas required In  order
to obtain s tfT ie la rt bulk o f solid fo r analysis or sufficient solution ta x  
lon-exchango studies, and so ISO a l*  or ISO nl« flasks were suspends* 
free ly  In  the tanks by means o f th in  wire with the aeeks Just out o f the 
water. The containers a n a  e f •PyresT glass and cl osed by rubber brtgp
fo r the mum d ilu te  solutions, and with glass stoppers fo r solutions 
stronger than 38$ in  phosphoric oxide.
A ll glaaawre was deand  e ith er with chromic a d d  mixture or 
w ltt the prodaets o f the u loohol/n itric  sold reaction, and then watted la  
d is tille d  watar. the tangs ware treated by boiling tales In  —‘ t mb 
solution followed by one boiling la  V/H hydrochloric add and two in
d is tille d  water. As w ell as assuring cleanliness, th is  treatment hue 
the added advantage o f softening the rubber.
lon-sxchaago resins used to r analysis and those used to r
ion-exchange work w ere held In  tubes shown dl&graBaatieally in  Tig*?* and 
supported In  a wooden t e e  ae indicated*
fftflgffilclqi?. JSfl»^am&; * »  wnw used Dor toe
preparation o f solutions;
(a ) Dissolving the te rtia ry  phosphate In
phosphoric acid, th is  being invariably used fo r eolations «cnrrfa»f«itng nore 
then 26/ o f phosphoric
(h) dissolving e lec tro lytic  iron In  91* 
phosphoric add and oxidising the product with 100 vnlinw hydrogen 
peroxide* The excess hydrogen peroxide was decomposed cn a stamo-bate 
and the softstien then dilated by the required amount*
The la tte r  netted was only used in  an king up solutions ta r ion- 
exchange studies (containing previously decided concentrations o f 
phosphoric oxide, the aaount o f iron required to give a saturated solution 
in  each case being determined ta n  the phaae-dlagraa isotherm) and fo r 
making "stock solutions" * These stock solutions contained about 30% 
phosphoric oxide end were diluted by various amounts to  give super­
saturated solutions which were used to study the wore d ilu te  (0-267 o f 
phosphoric oxide) regions o f the diagram. They were also wade up tarn  
tee te rtia ry  s a lt and phosphoric acid*
The d ilu tio n  gam rise  to a d e a r, pink-tinged solution which 
precipitated cut an leaving In  the thsnaostat a t erf* C* The mixture 
was frequently s tirred  and the crystalline mass broken up with a glass rod, 
tee la tte r being necessary in  order to  aid tee transition  ta n  tee 
&etustable states to the stable s tate , about IX weeks being required to  
achieve th is* Stray alternate tube in  a eerieo containing solutions o f
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' g l a s s
Analytical Separations
£ 5 0 ml. trip funnel
(c) Frame i/sed for supporting 
the Columns
inaraaslag concentrations « a  le f t  in  the thermostat to r  a further 3-3 
weeks and a ll tubas allowed to s e ttle , undisturbed, to r  mt least a weak 
before analysis.
to r  toe so n  eonoemtratad regions, phosjboria acid solutions o f 
various strengths were saturated with toe te rtia ry  phosphate a t 
tenpaxatures not mm sad Ing 80° C. Than solutions ware oooled rapidly  
and allowed to reeeh equilibrium a t £5° 0 . Alternate tubes in  each
series ware s tirred  daily to r a period o f 4-8 seeks and toon allowed to 
s e ttle  fo r one weak, to ils  ton others were stirred  fo r 6-7 reeks and then 
tm nsad to settle  fo r one. A smooth so lu b ility  iaotbaan was taken as 
a criterio n  o f attainvest o f equilibrium . the range of solutions
studied was continued only as fa r as was possible without furthar 
conoantvatioa o f toe    available easing erxoBt phosphoric aeld.
At bmperetores above 00° c. a radios! change aeered to occur is  
toe nature o f the eolations, to ito  lo s t th e ir pink odour and boosts broaa. 
A true tetra-phoephate, SS 0^3»2Pg05, res tound to crystalline from these 
solutions. (Sac Scotian X X .(d ).)
Premnrettcn o f re ta riA i m attempts were reds to prepare pure
fe rric  hydroxide by precipitation from fe rric  a im  solutions with m h ™h«  
hydroxide followed by washing with water (by deoantatlon). the
proved to take too long and by the tin e  i t  appeared to be tr e e  tr m  sulphate 
ao auto had bare lo s t by peptisation that toe Idaa was abandoned.
The fe rric  te rtia ry  phosphate used was a pale pink la  colour red 
had tbs approximate  composition fa^OgtPgO^S-ffigO. I t  was prepared as 
follows: -  Jjout o o  re . O f  AnalaB fe rric  a im  ware dissolved is  a
- 2 0 -
aolutlaa o f 25 ml® of 31® sulphuric aold in  300 ml® o f m ete? and heated on 
a stoura-bath® a solution o f 70 gru o f AnalaR sodlms dihydrogen 
phosphate in  400 ml® of water im» added dropwlse with constant (mechanical) 
s tirrin g , giving a M ite  or b lu lsh -M lte  precipitate® A fter heating 
fo r about mix hours Me precipitate had become granular and assumed a 
defin ite  pink tinge; Me suspension was allowed to cool and s e ttle .
M c supernatant liq u id  nee **pinned o ff and replaced by a 
solution o f 3 ml® c f syrupy phosphoric add  in  500 ml® of water and again 
boated to r six hours and n il owed to cod®
M e liq u id  mm replaced by GOO ml® o f mater and the heating 
repeated® to la  wan followed by a to r M ar treatment with water® M e  
solid mas Men filte re d  from M e hot solution, meshed on Me m te*»pad  
with boiling water and allowed te  dry in  sir® M e product man toae 
from sodium to the flam e-test and Me yield  about 24 gs® Some typical 
analyses are given in  Table 1® *  from ihloh i t  was assumed to be Me 
compound Fa^ G s^PgO s^flH^O, but incompletely dried®
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\f M e resin used to r analyses mas Zeo-Karb 215, a 
acid m ein, and i t  mas converted to Me hydrogen tom  by 
percolating a lit r e  o f 31® hydrochloric add through i t  and washing u n til 
the washings gave no tee t fo r chloride (about Xk litre s  o f mater, added 
droj»fiso, mere required) • M a solutions to be analysed were diluted to  
about 300 ml® in  order to lower Me hydrogan-ion concentration 
suffic ien tly  to assure adsorption o f Mo iron, and added dzopwlee from a 
dropping-funael ae shown In  fig®?® and washed through wlM  600-700 ml® of
* AU tabular Semites are given to Seotix® H .(g ) .
m te r. tee solution ma then conoen tin ted , and the hydrochloric add  
(which m s used to dissolve the moiot solids and to stab ilise tee liquids) 
driven o ff cn a steea-bath, leaving a few mis* o f phosphoric acid which 
a fte r d ilu tio n  could be analysed to g iw  the phosphoric oxide content.
The iron m s eluted w ith 2K. hydrochloric add and the dxsate checked fo r 
phosphate (using ammonium raolybdata); the iron ms usually estimated 
directly on a separate a liquot. The coltom, a fte r washing, m s ready 
to r  us© again*
For f aaperimento, the resins m re yen ITafh 
fo r tee cation exchanger, and X*B*A*SDO fa r the anion exrhanger. tee 
former is  o f the sulphonated, cross-linked polystyrene type and is  used In  
its  hydrogen to m , and the la tte r ls  a strongly basic maaofunetlonal resin  
used in  the form o t its  phosphate* ten abbreviations ZJK.225-11 and 
I.E*a.400-P04 w ill generally be used (the la tte r  does not imply that i t  is  
the H>!~ ion that is  adsorbed) *
tee I.R .A.400 m s converted to the phosphate form as follows: -  
a fte r a preliminary treatment w ith 91* hydrochloric acid the resin wns 
washed with a solution containing ICO gn« o f sodium dihydrogen phosphate 
per lit r e  u n til the effluent wns free from chloride (testing w ith s ilv e r 
n itra te  solution) * tee resin was then washed with ustar u n til the 
effluent m s neutral to methyl orange -  a wary long process, involving the 
washing out o f part of the phosphate as phosphoric ad d , uhlsh subject is  
discussed further in  Section H it ) .
Capacity of restes: Quantitative work was carried out on sn
exchangc-capacity basis, and sot a weight basis, since tee resins are not 
uniftam and also because acre useful ladtawatton ta  thus guiuod.
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Each batch of tha 2LK.225 (about 0*5 ©a.) a fte r use was 
converted into the hydrogen tom . w ith 28. aeld and watted to n m h o U tr 
(to  nethyl orange) * I t  was then treated w ith 890 a l. o f SM. sodium 
chloride solution, aad the affluent titra te d  with standard (H/10) caustic 
soda solution using phwnolphttalein as indicator, and the capacity in  
mlXltequlvula&te par g ra m  (aeq./gn*) calculated i -
S*K*3£5-H 4 Bad V -  >- Z.K.825-8a 4 HG1 ( 4HaCl)
(Excess)
the X«R*A*40Q resin was used in  1*000 &au hatches, and a fte r use 
these ease conver t ed into the chloride fo m  w ith M * sodium chloride 
solution and mdsA? and than the chloride elated with 28* n itr ic  acid 
and estimated gravtoetricclly as s ilv e r chloride: -
X.B.A.40C-C1 |  ld>3 laUgwdOO^K^ 4 01* (
Analytical methods; IRCK was estimated by titra tio n  with 
potassium Hdscnate solution (approximately H/10 or H/80) a fte r r edaction 
with stanooue chloride solution; canphnw^ tit was weed
as indicates* dnU . anounte ware detemiaed color inxetricuUy (a fte r 
removal o f phosphate with sd n m iis  oxy chloride) on a "Jpoidcor” photo­
e lectric  abeorptiemater: -  an aliquot o f the agigie was transfarod to  a
100 ml* graduated flask , and 10 A *  of 804 mammim thiocyum ta, 10 n l* o f 
0*94 am m xim  persulphate, 1 n l* o f S4 airooniun ojtychlorlde, and 1 a l*  o f 
concentrated hydrochloric aeld added, followed by water to 100 n l* The 
flash was le f t  to stand fo r a standard tin e  (10 wins*) and then decanted 
s itte r  d irectly  o r through a fllte r-p ap e r into the afeocspticaeter c a ll.
The ahsorptlom ter was f ir s t  calibrated using solutions o f kaom iron 
content.
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mJS&HiifS «§*g dotoEatoed by titra tio n  r ith  standard bism thyl 
perchlorate solution (approxfaiately 4/30) using thiourea as indicator as 
described by Salma and Tarrcy (23). Iron and chloride intorforo with
th is  method and worn rum *ed os follow s;- a fte r percolation through a  
colunn o f Z®J£®21S-»K to  remove the Iron (see above) and evaporation on a 
stoam-bath to  elim inate the chloride presoat {see below), aa aliquot o f the 
residue was used fo r the titn tlo e a . h a ll amounts of phosphate were
estimated gc&Ti&etrioally by weighing as ammonium phosphcanlyhdate (dried  
at 115° C.) a fte r removal o f hydrochloric acid by evaporation®
CHLORIDE eas weighed as the s ilver s a lt a fte r drying a t US? 0®
Mo moist solids were separated from the m ther-liquore by 
filtra tio n  through sintered glass and transfers* into tared weighing- 
bottles® M e liquid® vers pipetted into tared weightog-bott&ea (thus
obtaining an approxtoeta value t o t  the density) a fte r filtra tio n , when 
necessary. M e solids were dissolved to the o f concentrated
hydrochlor ic  add and unde up to 100 ml®, aliquot# being taken fo r analysis® 
M a liquids mace stabilised with 1 ml® o f concentrated hydrochloric acid
and made up to 100 ml® Me amount of hydrochloric add treed had to  he 
kept small atoca the ion-exchange reoin woe&cl not adsorb the iron ease the 
pg of the solution too low®
Occasionally trouble sae expaartmoed with particles o f reeiB  
OCRing through the ooluom am discolouring the solutions, thus maakiag the 
ond-poiat o f the phosphate titra tio n . M is  d iffic u lty  m i fnrmymtsrt
by passing torpor portions through the column and using only an aliquot o f 
tho effluent fo r the titru tic n ; the colour mas too M in t to totmrffcsnb
—■■ ■0 0 0 O0 0 0 - —
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(a )  B a a a f e  M  -Stet a l  i f f 0  <m
A study o f the system a t 25° ©. for a range o f solutions up to 
66% of phosphoric oxide (Tahle i M Figs.8. sad 9 .) has indicated the 
following as stable solid phases: -
A. as deep-lilac, minute hexagonal plates.
B. Fe^0s:fiP^0g:8K^D, as pale-pink, needle-shaped crystals.
0 . FCgO i^SPgQgsl&IgG, aw deep-pink, regular-shaped hexagons.
D. IbgO^: 3^£%:ffigOt as pale-pink, distorted hexagonal plates.
ibctaniorographs are shown on plate 1 .
Die descriptions o f these cnwpoundB agree with those given by 
Carter and Hartshorns (12 ), except teat tease workers could discern no 
crystalline form Is  tee te rtia ry  phosphate. WeinJjanfi and jsmgmler (10) 
however, described i t  es crystalline and also ascribed I t  five  noleoelee 
of enter o f erystall laattoa, in  agreement with the present observation®.
The negative coefficient o f so lu b ility  o f th is  sa lt (IB ) has 
boon confirmed (see tee comparison o f so lu b ilities  in  F i^ .lO .).
The following stages in  attaining equilibrium in  tee region o f 
0 -  26% o f phosphoric oxide have been established:-
( i )  Separation o f e compound having tee eoapositlon 
Fe^jtSP^QgSjB^O, where "af* is  probably 6, a fte r a period not exneed!%
4-5 vjoaks (Table 3 ., F ig .6 .) • Xt is te its  and is  a naM vynfe iM ur
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( I I )  Conversion o f th is  to « solid represented by a scries a t  
parallel tle -lix tss  a fte r 6-10 reeks in  the thermostat bath (Tuble s ., 
T X g . f i . ) .  th is  solid is  a pale-pink, and adheres ttre ly  to toe walls o f . 
the container es a B aal-crystalline nass. the present cork also share 
th is  system to extend up to 806 phosphoric oxids (fig s * 8 . and 11.)
( i l l )  F inally  th is la s t solid gtvwe ris e  to toe ftoop l l ln i  
te rtia ry  sal* a fte r 10-15 reeks fin s  toe s ta rt with frequent s tirrin g  sad 
breaking ap o f too solid (tab le 2 . , F i g s .8  end 1 1 .).
too th u s  taken te  reach toe various stages depend on the 
composition o f too mixture and tos extant o f s tirrin g , but with toe 
eomeptloa o f one resu lt, tos d ifferen t stages correspond to d efin ite  
so lu b ilities  ( l ig .U .) .
(to r too purposes o f comparison, too above mentioned fllmrmnr 
include toe results o f previous workers. Indication is  always on 
the vteM Tsr th is  M a bean done.)
In  tos region of solutions rents icing 60-666 o f phosphoric oxide, 
i t  was found that too aeld would, a t treperetnrea in  excess o f 100° C ., 
dissolve a considerable amount o f too te rtia ry  s a lt, but that i f  th is  was 
alliwwd to happen the resulting solutions ware bream instead o f the usual 
pink or lila s  colour. Such solutions crystallised only slowly a t 28° 0 . 
and yielded yellowish-white octagonal crystals o f aa anbydreua te tra - 
phosphate, togOgiXPgOg or Tm^40l s ,  as Shore in  Fig.12. (fab le 4 .) .  
to ls  compound is  vary hygroseopie, and re  exposure to a ir  i t  soon *■»"■» *  
pale-pink, and a t toe sans tin e  needle-shaped crystals sim ilar to tiiosc o f
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FIG . 9 .
S Y S T E M  F es 0 j  g O s  H j O ,  2 5 * C .
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A photomicrograph of Me tetraphosphate crystals is  shown a t X 
on F lats 1®

i '** Jmm i 3SrI^.'2i* n o r  these sxpomnsene, 1 .0 0 0  9 1 *
portions o f  I.E^A.400-P04 rosin none added to 100 go* o f various saturated 
solutions and le f t ,  w ith daily shaking, ta r throe nooks. Soon o f tee 
solutions wore prepared from e lec tro ly tic  iron, phosphoric add and water, 
ft**? others sgn  solutions from ten phase-dlagra studies a fte r tee 
and some o f  tee liq u id  had been T e n o n e d  t a r  analysis* i  a te lie r series 
o f  experiments m s  c a r r i e d  o u t  v i s i n g  p u r e  p h o s p h o r  1  c  s c i d  of c o i T s s p o o c l l & g  
e o n c e n t r a t i o n s .  In  b o t e  oases the capacity o f  each portion e f red n  
used m s  detsmined as indicated i n  Section I I . ( c ) .
The results fo r the fe rric  phosphate solutions ere given in  
Table 6. and Figs. 13(a) & (b ). As in  previ ous work, (Id , 22) tee 
adsorption o f Iron by the nM bfflgr was noted. Accordingly, attempts 
were made to accoost to r  tee observed capacity e f tee resin nnagjes by 
csmn&ng teat any one of several lik e ly  phoephato-ferrlo anionic oratyicgBc 
mm being adsorbed together with free phosphate. ta r th is  purpose i t  
use assumed teat tee free phosphate tens adsorbed would be present In  tee 
seme proport ion o f HgF04 to HPoJ" es i t  ms in  the absence of iron (tee  
results obtained ta r the pure phosphoric aeid solutions ere given la  
tab le 5 . end F ig .lS (c ).).
Although ta r  sim plicity In the in it ia l calculations i t  was 
aoomaaff that only one oompl eac was adsorbed, i t  is  apparent that tee 
recruits are best interpreted as indicating tee adsorpt ion o f the ions
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p r e d o m in a t in g  •
M s method o f calculating the capacity o f the resin in terns o f 
various possible cocxplexos is  based on the following: -
Xf the complex to be considered is  [to -C K ^ ]6* , then fo r one 
equivalent o f the exchanger,
**•©  phosphate » jl©4] -  5 [to] (M ore [f©4] end [to ] re fe r to
Holes. adsarbed/Bquiv. res in .)
i t  [y ] is  the — m i a f phosphate r t n M  par eqvlvnlm t o f 
roala to r tbs ju re phosphorlo add solutions, than
[ » , ]  -  » [ to ]
Bo. o f equlva. resin tehee op by fin s phosphate s  : i
[* ]
to t each [to ] e ffective ly  oeouplea 6 equivalents o f the exchanger, 
thus the oapadty o f the resin to r [totPO^)^]0” is
[to  ]  -  3 [to]
 * V  i   4  8 WM
as ccrapaxed with the sxperisaxrtol m ine taken as 1 .
calculations were mads to r [totHSO^g]3- sad [to(K>4)g]® ". Zn Table ft., 
the rem its  have been sm ltlplied by 100 In  order to give the percent ra in s.
to tem . In  a private oeraauntoatlaa, has given the results o f 
experiments concerning the adsorption o f Iron e d  phosphate by XJkA.«XM tt4 
from o solution 0.HU In  iron end 1JM . In  phosphate and mixtures a t  «*«- 
with l.a a . phosphoric a d d , and these axe stem  ^sap h ^ny in  F ig .14. 
Although th is series represents a transition  from supersaturated to
FI
G
. 
1
2
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m aturated  solutions, a t the transition  point, which occurs a t a Mol* 
ra tio  o f iron to phosphate eqvdl to 30 :1« no brook in  either the 
adsorption o f Iron or o f phosphate ooours a t th is  point. There tens
seemed l i t t le  advantage in  irtm itln c  the l 1^ 1 enl?>nwc** to
detestable solutions, end la  a q r  ease there is  the danger o f precip itation  
oeearing from supersaturated solutions.
Ccit ion e xadteuii&s exoer i&airti?: Stable solutions wwor *i>g the
range 1-194 o f phosphoric oxide and m tonted with respect to iron flP  0* 
m m  made up and 0*900 m * o f SUC*8*HB added to each. B6 adsorption 
o f phosphate was observed* and the adsorption o f iron was m ill and fe ll  
w ith decreasing pH of the solutions (Table ? *, Figs.15(a) *  (b )« )*
Thus the concentration o f [raKP04J4 most be eomeidenebdar lens than in  
ddoridHKntQ iaiBg solutions*
-3 u « *
FIG . 1 3 .
(a ) A d so rp tio n  o f  Iro n  /n o n / f e r r /c  P h o sp h a te  S o /o f io n s  b y  I P .A .4 0 0 - P 0 +
(b) A d so rp tio n  o f  p h o sp h a te  in om  fe m e  P h o sp h a te  S o tn s . b y  1 P .A . ^ O O ’P O j
5 *0 k %o5 , 1 - * 20
(c )  A d s o r p f /o n  o t p h o sp h a te  P rom  P h o sp h o ric  A c id  S o tn s . b y  I  P . A .  4 0 0 ' PO ^
• S L .
ifettnre o f tho solutions: M e anion-eichango studies (Tbble 6 .)
Mow that i f  M e adsorption e f iron together  with phosphate is  to be 
Interpret ed in  te n s  e f the adsorption o f a fsrripboephato-oonpleK end free  
phosphate ( i.e . HPO^ ~ and ) ,  then the results am  only sa tis facto rily
be espletned over noot e f the oonoentratlan rungs studied i f  the oowg&en le  
[ iK lO ^ jj6*  ♦ Only e t M e lowest conoentrntion (24 phosphoric aside) 
end In  the m p  above 104 phosphorlo trrlde does the adsorption e f other 
eensOsBM, either w ith i t  or in  plena o f i t ,  eeoa feasible.
In  M e eaee o f solutions more than 1 0 4  of phosphorlo
aside, I t  would appmr that while adsorption o f |to (I0 4)3j  togdher v.lth  
fin *  pboephat. aamot  b* m e tw lM  with th . capacity o f the n s la , the 
adsorption o f .lth m  [to(BF04)sj 3~ or [to(P04 ) J  is  equally tagrebehl c 
(the t o q m m  « * -O dd * »  m m  pm—  — m t w ith the
observed oapaeltles) • Mus the eost lik e ly  i n terpretatio n  is  M at two 
oootplez lens ere being adsorbed and M et noet probably those are 
[2M po4)3] in  najcr w ouet end in  lesser amount. M e
adsorption e f M e p a rtia lly  Ionised trlphosphatofsrrle-lon, [n H B W ^ J 3" ,
r  i 6 -In  plnee o f the fu lly  ionised cwnplsng, r t o ( F 0 4 ) 3 | 9 ae the concentration
o f Me eodBtlene is  increased is  to be eapeeted. On M e other hand.
Me adsorption e f such ions as [vhfFO^fy^ in  plaoe o f sane o f Ms 
[lu(F04)^ ~  lens would imply an increase o f such ions with increasing 
concentration of ihoqphate in  M e solutions, and is  th g etoro ooneidered
FIG . 1 4 .
A D S O R P T IO N  O F  IR O N  &  P H O S P H A T E  B Y  I.R .A .4 0 0 -P 0 4
( r e s u l t s  D U E  T O  j . e . s a l m o n )
I
(a) P h o sp
0 ,8
-O -
■CA
-Ct.©«o
-o  2 o_______
0 >
0,6
10 20 30 40 50 60 VO
R a t io  [R2O5]  j  [F ^ O jj  n  so lu tio n
8 0
( b )  Iro t? .
i if t p r o b u b l o  *
t t i  i M Q l t s  i w i B l i w i t i f l  b y  f l a l n r a  ( F l g . 1 4 . )  a m  b e s t  
interpreted cm the beele o f adsorption of the ion in  major
raount, together w ith and free phosphate* Since in  bin
eipertnrate the resin era ratted with a fined anouact o f water and net to  
neutrality o f e t t h y i  ra  in  the pr acra l r a k , i t  is  in  fac t possible that 
the lose aAsoctwd In it ia lly  am  jtotH fO ,) J 8" and V ° « *  **“ ■• wtMA
tore ka anarertud to [to(J04) J * “ and a a ix ta *  o f and HPO^ “ t e
respect ively by too watolag, to * maotftoBS in aal aafl toadng of too % !•**
aBBgPO* * ^ 0 4 ♦  H3ro*  aq (1)
4  - ^ S g ^ d J s ]  4  a v *  0 4 ®   ( i i )
(Share "H" reprooont3 one equivalent o f the inlon-oxolu lUgor.)
The slow a lte lra tto p  e f phosphoric add  ta  th is  way would espials 
viry prolongc-d washing is  required to  got the e tti& g s  fto o fw a  add*
The fhet that the iron rm ifitn g  in  solution (in  o qu llih riiB  with the resin 
rad that retained bgr the resin a fte r washing era farad to  ta lly  with that 
in it ia lly  pres&at, showed that ao iron is  xeesved to n  the rosin in  th is  
process. Brace i t  ray be assumed th at the rosin “s a lt* o f the onsplay 
ion is  sot read ily hydrolysed. Tbs eras sens to be true o f the free  
ad d , HgjretHPO^Jgj since i t  Is  the sraprsiart f ir s t  psodaosd on high d ilution
Z f the dew expressed above is  accepted, and the eonplaar 
to itlo U y  tilio ib il la  [»b(BK»4)k] 5 ’ tore tos m oults to  Table 6 . mart bo
e r a s e *  <* w e t s *  t t »  r e a c t i o n  * r  n  m
FIG . 1 5 .
(a) Adsorption o f  Iro n  fro m  F e m e  P h o sp h a te  S o lu tio n s by Z . f f . Z Z S - J i
(b) p H  o f  f e r r ic  P h o sp h a te  S o lu tio n s
Z \
to  ocraplotloe* There tee amount o f iron (and hence o f cauplex) udooxfced is  
low -  as i t  Is  fo r solutions containing less teas 15% phosphoric raids, 
with tee nose concentrated solu ti ons, tears tea ra tio  e f cxsnplra adsorbed 
to frae phosphate adsorbed is  greater, tee tendency ta r th is reaction to  
go to oonplstlan must be less narked -  tea anas so since the terse BftyKty 
groups must peeeuaably be soffleiesxtly dose to tee a ^ jF e tH F ty j ta r tee 
group to  be tam ed.
Only la  tec most d ilu te  solution (oontaini&g 1% o f phosphoric 
oxide) teem  tee re la tive  amount o f complas involved Is  low in  ray anas, 
would tee adsorption o f a dii^osxhatofturic-ocrajaaa: appear to o ffe r an 
rajOaaaifan o f tec results o f  tea osxta^esohange studies. Oonoyuc, tea 
fellcwriag tacts suggest teat tee concentrations o f any ccK^dra&s w ith lose 
teen throe pfreggttat e groups par iron atom asst be vary ion in  fe rric  
phosphate solutions o f * t i  ooneantratSonss—
(1) The very lot/ concentxntlon in  pure phosphate solutions o f 
jjpte(EP04)p, as shown by tee eation-exchanga rag^erlnents.
( i i )  fha nor* d ila te  solutions, where oonqderos w ith fewer 
phosphato-gro^ps might be expected to  pretaUnate, are only stable tens tea 
ra tio  of phosphoric oxide to fe rric  raids 1s very high (table 2 ., F ig .9)
( i l l )  Solutions in which tbs oadstuaoe o f tea j^ (H H )4)J* ion 
has been postulated (22) are a ll  colourless, w hilst tea pure fe rric  
phosphate sodutdon* o f ocrgoapondiiig concentrations am a ll pink or lila c .
(iv ) Even in  nat&stahle rataqphoaghate solutions, the ra tio  o f 
phosphate to iron is  always 3 : 1 or greater, end the absence o f any break 
in tec adsorption of iron or o f phosphate in  from supersaturated
- 3 3 -
to unsaturated solutions indicates that the species present in  both types 
o f solution are the ammu
**W f*1, ^  t fn m 1 6ia«* pink or lila c  colour 
or the stable ooltrttons io  else characteristic e f the stable solids la  
ecpilXhrtnt with t hee , th is  may indicate a s im ilarity  o f ooDotitutton, 
altbcneh not ante reliance eon be placed ea evidence o f ooieur s im ila ritie s .
Beinland sad finograber (1») bam in  toot already suggested the* 
solids am eorajAax.
I t  scans lik e ly  that the m — 1 JACjgOgiaPgOgsaigO is  a ■
m s* as H jjto(H Io4)^  ear as soggssted by Mainland sort ■
Bfcagraber (10 ), since i t  is  precipitated f ir s t  fn »  aoluttoaa » to  
contain such a ocoplax even when i t  in  set the stable phase; the rrw rm V  
f t ^ 0 3 J aPgOg:  MKjO pmssnably has a s te lla r stxostnre.
On the other bead, team  is  no d im at evidence from the jarscest 
w rit to support the content ton o f those authors that the 
**B®3 : 8 F £O 5 : a % 0  is  H3jje(£©4) 2J .s£b^ ),< x t tea t tee te rtia ry  phosphate is  
fc [ ltd # 4) s]  Indeed, the la tte r  weald equally m il ba tozm lated
as J^jj*#(*Q 4)3].*ipS»0. I t  is  uato rteaate  that in  h is sttey o f tee 
compound by means o f X-nqrs, C ag lto ttl (a*), f ir s t  heated i t  te 600° 0. 
to r tee bsors.
OtOo and Jackson ( 2 8 )  give evidence fo r regarding tee te rtia ry  
phosphate as j»e«H )s]  JHgP04, but th is  Is  not, however, a very lik e ly  
structure to r a oonpound which crystallises out te n  n ie tin ^  having o pB 
valne as low an 0 .2 * (to r solutions containing 19$ o f phosphoric 
-  ihblo 7 ., M gs.34(b ).) and certain ly even lower to r aolutiona cr»®.«n| t)C
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844 o f phosphoric oxide (Table £ .)•  The evidence that they put forward 
lb  also sot conclusive; a series o f fe rric  iron solutions containing a 
known excess o f hydrochloric acid and a know amount of phosphate were 
taken and increments o f a standard caustic soda solution added. A fter 
digesting the suspensions fo r aa how n t 100° C. the pRf s o f the solutions 
were reeordad* The points o f in flectio n  o f the resulting titra tio n  
corvee correspond to a maxtwrn precipitation o f phosphate (a t a pH o f 3-3*4) 
i t  was found that the sun o f the umber o f w ill leqntvalcats o f hydroxyl inn 
added to reach the isoelectric point (a fte r neutr a lis in g the hydrochloric 
add) and the a s te r  o f allllequlvula& ts o f phosphate Chsslrnilly *
as HgPO* exactly equalled the amber o f nilllequivalexxte o f iron present In  
the orlgooal solution. Irma th is they deduced that the precipitate was 
^feiOHlgj.HjjPQ^ but th is does not follow, sinoes-
2 CH" ■» HgPOj +  >- M04 + HgO
or — ■ ■ >  ?t(OE)g.HgPO  ^ etc*
l.c *  tte  mere formation o f a teriaxy s a lt, whatever its  
constitution, satisfies th is  condition* They also studied the way in  
which the compound loses water, concluding that the water was eliminated 
from la ttic e  hydroaqrl ions on heating*
The p a ra lle l tie -lin e  system was accounted fo r by Garter and 
Hartshorns (18) by assaying that the te rtia ry  phosphate adsorbed noire er 
less acid according to the concentration in  the liq u id  phase. Since 
such adsorption depends on the surface area o f the solid , i t  would not, 
in  general, le d  to  p aralle l tle-U nes and in  any eras i t  Is  d iffic u lt to 
reconcile tliis  theory with the fact that the p ara lle l tie —lin e  system 
eventually gives way to the te rtia ry  phosphate without any adsorbed acid*
- 3 8 -
One possible explanation is  that toe p ara lle l tle -lln e a  ariae  
2MB toe ta rn a tio n  o t solid solutions batmen the te rtia ry  phosphate tod 
one or more sold compounds.
another possib ility  is  tost toe otopomd HgpMPO^Jgj 
separatee f ir s t , acts as s oation-exebaagnr. I t  would then Ids
hydrogen ions fo r fe rric  ions in  t o e  solution to t o  extent determined by 
the acid concentration.
toe ohangB In  colour sad tbs separation o f tbs anhydrous 
totruphoepbate a fte r strong besting o f tos orthophosphate solutions (Table « 
F ig .IB .), toows to st suah heating produces a change in  toe nature a t  tos 
species present In  solution. In  tbs present e q u ilib r iu *  studies, 
toerwtare, great oars ass taken not to bast toe solutions above 80° 8 .
toe existence o f a compound Te>fl3: S'gOg was f ir s t  reported by 
M ilio t (88) but was la te r joaetlonsd by B luest«r(8V ). Horover, in  a
la te r paper (88) Hrassenr a ta its  tos F easib ility  o f its  existanee.
Although ta r aany years toe exlstanoe o f tstrapbeapbates has been ^tastlnad  
(See, fo r eatable, M oeller, 8 8 .), more recent work by to ils  and Bdtx (80) 
baa shw* that they nay exist under osrtala oonditlsns, and tbey obtained 
evidence o f a fe rr ic , as w all as o f other heavy u ta l ooapounds, t o s  
prsasnt work nculd seen to ocnfiiw its  extstanss.
I t  is  very surprising that tos eonprmnd Jb^>3*8l>p05:llHa0 
reported as a stable phase in  toe eysten a t * 0® 0 . by B ailer ( • )  does net 
occur a t either 25° or a t 70® 0 . B ailor could bn in  error brae as be 
used a occanereial fe rric  phosphate as starting m aterial and such 
always contains alkallH astal in p urities. toe yellorlah-w hlte appearance
o f Me compound also suggests M at i t  contains a lk a li and In  M ot I f  a vary 
im ill amount o f sodium dlhydrogen phosphate is added to a stable solution 
o f fe rric  phosphate a t 25? 6* (containing 264 o f phosphoric oxide), a 
considerable amount o f a yellowish-whi to solid separates®
A comparison o f Me results obtained a t 60° with those obtained 
a t 25° and 70° suggests M at B ailer should have found Me fie ld  o f Me 
te rtia ry  phosphate to extend to  solutions containing about 90% o f 
phosphoric oxide® there a nwximaa in  a o lid iillty  might have bean expected 
to occur with a change a t phase to BcgO^ s 2S^ Q&:6Rg0® I f ,  as has been 
suggested , B ailer’ s re m its  arise from Me precipitation o f a sodium (o r 
potassium) ferriphesphato. Men his um of iagusve starting m aterials would 
produce mislead lag data in  M is  region where Me highest amount of 
eontcsRinated phosphate would be dissolved®
a comparison of so lu b ilities  a t Me three temperatures is  given 
in  Flg®10® which also shows clearly the negative so lu b ility  coefficient 
of Me te rtia ry  phosphat e®
■—■oooQooo ---
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(e ) tabular Hreulta to r Bart H
‘+U H U S 1  i ...a.....'.:: ..—m
T Y P I C A  O F  S D S  H & P i* 8 S D  F E R R IC  F H O S H M T E
r .. -
iiii.iLYTIC-X RIBffg»f8
-----------— — 4TSBOaailCaL
I I I I I I At Bt
4 4 4 4 4
*Vs 40*21 40*13 40.40 40*77 42*73
*2$5 35*76 34*34 35.70 36*24 37*99
34*63* 23*76 23*65 22*99 19*28
^  By d iffe r eaco
1 V h e r e  A -  IbgOgjP^QgjSH^O
and B — Fo^ O^ rP^ D^ sCjtlpO
- 3 9 -
w a tm  A *  3 S ° 0 . -  S S a B L B  ,ft,,[n i. iH H iL M
f ■■■ ~ S G LE R ID K S
*------------ -------------- *--------------------*------------
IO X 6 T  S O L ID S
Mol.
R a t io
d .
* *
*
0 .3 6 0 0 .0 0 2 9 1 3 1 .4 1 .0 2 6 .9 9 3 0 .0 1
\
1 .3 1 2 0 .0 1 6 9 8 .4 1 .0 1 0 .2 0 1 0 .2 1
£ .3 1 9 0 .0 3 2 5 8 6 .2 1 .0 2 6 .7 6 £ 9 .0 3
3 .3 4 4 0 .0 5 2 9 7 1 .1 1 .0 3 3 3 .0 0 3 7 .0 2
4 .3 8 8 0 .0 7 4 6 6 6 .2 1 .0 1 2 7 .6 8 £ 9 .7 0
4 .6 1 3 0 .0 8 0 7 6 6 .4 1 .0 4 2 9 .8 1 3 2 .0 6
6 .4 0 1 0 .1 3 8 9 5 1 .8 1 .0 5 £ 8 .3 2 L 3 0 .2 8
7 .8 9 6 0 .2 1 1 3 4 2 .0 1 .0 6 3 0 .6 7 3 6 .5 7
9 .2 3 3 0 .2 6 8 3 3 9 .4 1 .0 7 3 0 .0 3 3 1 .6 6
1 1 .8 0 0 .4 7 8 9 2 7 .0 1 .0 7 3 0 .6 0 3 1 .9 8
1 5 .0 2 1 .0 0 9 1 6 .7 1 .0 7 3 1 .6 8 3 0 .0 0
1 7 .2 3 1 .9 2 1 1 0 .0 1 .0 7 3 1 .9 1 3 3 .8 0
1 9 .9 6 3 .1 1 7 7 .2 1 .1 3 6 .1 4 3 7 * 1 2
2 2 .1 3 4 .1 9 8 5 .9 1 .1 5 3 4 .0 2 3 1 * 8 6
£ 4 .6 0 6 .3 0 4 4 .3 1 .1 9 3 4 .0 1 3 4 .5 3 /x.
2 6 .6 1 7 .9 2 3 .0 1 * 3 8 4 0 .6 2 1 9 .9 9
2 8 0 2 7 .0 0 4 .5 4 6 .8 2 2 4 .8 0
2 0 .9 0 6 .7 2 1 5 .9 OB 4 3 .6 1 2 1 * 8 8
3 8 .8 9 4 .4 9 8 8 .5 1 .4 2 4 6 .8 9 2 4 .4 3 v m
3 7 .0 1 4 .1 1 1 0 .1 4 7 .6 0 2 6 .2 6 f
4 3 .0 1 4 .0 9 1 1 1 .8 mm m
4 6 .2 1 4 .4 6 6 1 1 .4 1 .6 1 4 7 .6 1 2 0 .2 8
4 6 .8 1 4 .5 1 3 1 1 .4 - 4 7 .4 0 1 5 .0 2
4 8 .1 3 4 .7 8 4 1 1 .3 1 .7 5 6 .3 8 2 0 .4 0
>
6 0 .2 8 4 .0 4 6 1 3 .9 1 .7 6 5 3 .7 2 1 4 .2 6
6 1 .6 2 3 .6 1 4 1 6 .1 m 5 6 .6 2 1 5 * 1 0 ► 0
8 3 .7 6 3 .1 3 7 1 9 .3 mm 5 6 .1 2 1 5 .0
6 7 .2 8 2 .6 2 1 2 4 .6 - 8 6 .7 6 1 9 * 4 7
6 9 .1 1 1 .9 8 3 3 .6 5 9 .8 2 9 .5 1 1
>
6 0 .0 1 1 .4 3 6 4 7 .0 1 .8 6 6 0 .3 9 9 .8 9 1
6 1 .8 3 1 .1 1 4 6 2 .1 to 6 1 .4 5 6 .2 0 6
6 4 .0 4 0 .9 1 9 7 0 .3 to 6 3 .6 4 5 * 7 7 8
6 6 .3 3 0 .9 0 7 1 8 8 .3 • 6 6 .6 1 3 .2 2 6 *4
*  n m  A a FajjO z^PgOgtSHgO <3 s  tajOgsSPgOgSlOigO
B = fUgOgtaPjOBSflHgO B *  ^ s !a ¥»5s«y>
VAMLig aI n m i I'll i .  .1 iSr
ararsa svgOgrPaa^BgO hs° c . g^ T aap n
BOmSGM MOIST flnr.Tna
*ags BogOs
T
Mol* 
Bat io
d*
4
94003
4
Typo
*
3.711 1*306 3*2 a* 16.94 6.022 !
10*06 3*112 3*4 re 23*11 8*242 i
21*49 i 7.330 3*3 1*26 40*90 18*29 '  °
23.09 7*470 3*4 1.26 42.09 14*46 J
2*43 0.034 79.7 1.02 23*56 24*17
5.597 0*202 31*2 1.07 36.27 32*92
9*151 1.902 4*9 4* 31*81 27.02 ,  m
14*86 3*211 6*2 re 34*21 23*81 r m
18*46 4*140 3*4 1*19 34*10 24*00
19*04 5*930 3*6 1*2 35.01 21.67
L................. J
Wiraa 0* *  FsgOgjaPgpgj^ tyO (whore "x* i»  probably 4) 
and 9 *  P ara lle l tie -U e e  system
T aH T .k  4
- - ■ -
s s m m  y e g O g i F g O g ^ i g O  a s  s S ® c .  -  s m u r a o s e B A X i
SOLUTIONS m xar sours
-----i
■ * ***%?
MBl*
Ratio
4.
* " S 5
*yps
*
50*06 16*36 3*6 1.66 5601 23.33
56*66 10.66 5.7 mm 61*09 68*10 ► *.
59.75 7.163 6.4 • 36*13 24*01 *
63.58 6*813 16.6 2.37 63*60 26.41
%
fe & o r e  I  *  F S g O g i S P ^  ( o r  1 V ’4 ° 1 3 )
~ 4 8 -
f A H U t 8  
JSSSBSSSmrnmSm
hDsmvtsm at mts/ax ot x.b.a.«do-po4 non Hiosffioaie acid squikbmb
gon,urxoir|1
-------------,
%
Capacity
Is
n*q./&&.
(— ---  --------- ----  ■ ■ -
%Fhoaphato mftncntMid
jMdI s . /  eq. as I^ P04 as H*Q§~
r
5 1.93 0.634 48.3 a . 7
10 1.04 0.660 AA 1 %o«o 81.0
15 2 .0 7 0.643 44.3 86.9
20 1.99 0.643 46.3 96.8
A  3 ,
M a ia g  that so P04 is  adsorbed.
A o s o s m c *  o f  m m  a m  m o m u m  m  x j u u b o o - * o 4
FPOS R8SXG HBSXBftSS SOUUTICBB,
I c i i L f e  C
82MEMB
M Capacity Bole. «adsorbed Capacity accounted
V>5 in per eqoiv.* of rosin fh * •  4
[ f e 0* ]
% Be k ..- ± ....... A * B * C *
1 n o 2.81 0.008 0*632 98 93 9 7
2.3 86.2 1.95 0.082 8*622 98 92 9 5
4.4 66.2 1.97 0.041 0.607 9 9 83 9 3
9.0 58.8 1.82 0.033 0.590 96 82 90
20.0 33.3 2.07 0*208 0.526 131 89 88
10.0 I f  .9 1.96 0.189 0.570 i n 61 87
60.0 8.2 1.88 0.134 0.863
.............  .!
112
■
87 86
ftw rtn g  the following to bo adsorbed
*<*V5]
t o C H » 4 ) 3]
[ t o ( » 4 ) 8]
6 »
3-
3-
together with HgPOj and IXK)2*  In  the pr oport ions Indicated la  Table S.
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TidSLB 7
A n sam u m  or boh ahd m a sm a a  bt z .x . z& -b  
is m  r m a o M xsm ixx  sourness.
a w io » 3 1 »gsqy
4
w
[**sPs]
i
Capacity
in
m e q . / g a u
r-
Hols. « 
per equiv,
Be
idoosrbed 
of resin
» 4
1 110 1.48 3.71 0.195 m .
5 58*2 0.90 3*71 0.076 •
10 35*5 0.45 3*72 0*032 «•
15 17.5
>---- -
0.24 3.71 0*031 •
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(h) B iM im aidnr to r Par* I I
(T) M ailer •  CcBpwhmiiw f im t lw , M .  XXV, 1936 P .401.
(0 ) I r t — g e r -  Analean. 1078 194 176
(6) B ailor -  Ifcesia, Leipzig 1930.
(10) M a h a t and snagraber -  Z . A n g . O n . 1014 §£ 940
(U ) Blttsta&a -  Pogg. A n . 1064 £7  160
(18) Carter n d  Hartahome -  1 . Chen. Soc. 1983 183 8823
(13) " *  -  " m e  126 383
(14) D e d e  -  Z . Anerg. O n . 1982 126 36
(16) ( t u r n  sad B ell -  1 . toys. Ohm.1907 H  343
(16) S a lm  -  1 . O n .  Soc. 1968 83U
(17) D u p r e  -  d u e . Bam. 1078 32 8
(10) Bloea and Kedurl -  O rn ette . 1934 836
( 1 0 )  I n e  - z. m u g .  O n .  1 0 3 4  g a ,  1
(00) Landtord n d  O d d  -  1 . n e r . O n . 8oe. 1948 64 291
(81) Bunerjee -  1 . Indian O n . 0 m .  1830 27 417
(£8) S a lm  -  1 . C m . Soo. 1963 8644
(83) a n tra  n d  m ,  -  1 . O n . See. 1900 M U
( 8 4 )  C a g H o t t i  -  a t t l .  8 .  A c a d .  L i n e d .  1 0 3 6  2 2  1 4 6
( 8 6 )  O o l e  a a d  J a o k a o n  -  1 .  t o y s .  C o l l .  c m .  1 9 8 0  5 4  1 2 8
(86) M ille t -  Oaapt. Band. 1876 08 89
(87) B—eaeur -  Oonpt. Band. 1936 208 741
( 8 8 )  •  .  «  <* 1 9 4 0  2 J ^  p fff t
(89) M oallar -  Inorganic Cheaietxy, Id a  K llay *  s o n . Mar York, p .648
(30) Xhilo and Bats -  Z . Anorg. c m . 1948 84g. 286
— —0 0 0 G0 0 0 —
m i..m
T H E  Q iR O ia C  H S O S H taX X S■.jfri .rTr® rF.V«i iii i ii «mi i.afTii r
______________________________________
(a )  H to ta r ia a l
Whilst b a ilo r (31) has given a more general ra tim  o f the 
position regarding the chromic phosphates, the precious work relevant to 
the prsoent stadias Is  given below*
Chromic te rtia ry  phosphate has been prepared in  both a green end 
a purple modification* the purple fox* ban been described by a ■inOer 
o f wor kers, e«g* fltoahauan (3 8 ), ftnrnsiwhsrg (33 ), Joosph and Ha© (3 4 ), 
and Bess, smith end Beans (33); a ll o f them formulated i t  as 
STgOgiPgO :^ISHgO or CWK .^OBgO. W hilst most workers have described i t  
ae fam ing darte-violet hanagBnfti crystals *  a description which aooords 
w ith the preoont observations •  Eunaalsberg, and Joseph and Bae also 
daimribofl a lavender-coloured amorphous variety.
the degree o f hydration o f the green Bom was stated by 
nnmneleherc (33) to  be the some as tbs purple m odification, but Joseph 
and Bee (34) describe i t  as the tetrabydrate (CrK>4 .4RgO). In  the 
present studies o f the system a t 40°C., the compound with the seme degree 
of hydration as the porple s a lt only is  hnad.
the only other s a lt of orthophoaphorio «m»14 described la  to . 
lite ra tu re  la  toe seooodary-prtaaxjr s a lt, to r
gonionetric reaaaxrerete ta n  bare give* bgr S u u to lta  (SB) too itawirlliiwl 
i t  aa ta rb g  toe colour o f chrono alum. toe reiataaoa o f th is s a lt baa
< b )  3 o o p »  o f  t e a  w a t t
I t  is  apparent from Ma survey Just given that a t Ma oatast o f 
M ia  wink l i t t le  « u  known o f M b oh m ie phosphates. M e immediate 
objects o f Me investigations were, therefore,
I J 1 BBnte —MHdhteflh d# tt——yuM^dJte aktoMMttMB
' ' .^ S aS rjy .. .IV?. . .  j ..
chgondua end phosphate. I t  was hoped M at I t  weald he possible to  
study Ms system chronic aside, phosphoric oxide end water a t 2S?C.t bat 
a d iffic u lty  was encountered in  M et e t th is  temperature boM r ln tio M  
end solids remained in d efin ite ly  In  a state Inlminsfllulis between Me 
purple and Me green fu s s , without, apparently, reesbing oquilibrixn. 
However, I t  proved possible to  obtain date fb r M e appropriate phsse- 
diagram e t both 0 ° C .  end 4 0 ? C . f  M ere boM solutions and solids ramlned 
purple and anemia  green respectively.
As fo r Me fe rric  phosphate system, tbs three nraipmrnnte chosen 
were Ms sridss (v is i Q r^ *  fypb* n d  HgO) end Ms fannilse e f Ms 
conpoands ascertained by "wet resldaes" method (Section
i  o »m .
( t t )  3 0  ^ o e r t a l a  t e *  t o *  < *  m b — t  t o  ■ a t — t e f l
aBtettoca a t 0 °0 . aad «0°C. fo r th is  impose aateoda uateg laa-oxateaev 
realxw o n  agala adopted (sw  section X (e ) .) . Attempts v a n  aad. bo 
ascertain tec team  te  which tec various oalonlo aad oat Ionic p i~ ~  
wars adacrbad by tea cxchango-a te a  solutions leapt a t 40°C.
Apparatus: to r to r exparlm ts a t both 0°C. aad 4£)°C.,
alr-thfiORacNstato y en  need. tec r i n i  oostaisod la  boiling-tubes
closed with nbbcr-bngs or with glass stoppmta and held is  as insulated 
box as illu stra ted  is  f ig . 16. I t  was team possible to adjust tbs 
thermostats (a  re frig erator a t 0°C. aad aa hw dstor a t toPc.) sate that 
tbs variation la  temperature la  these lagged booms wee lose than 0.1°C ., 
although tea lespeniaini is  tee a n y  f  n ^  eii t t I i h I  ae a n t e  ae o « 5 ° o «
tec tabes aad boats vase deemed ae doscrlbod la  Sectlop XX (c ).
toBmratiOGi o t aoM toos: tee method of nresaris^ solutions
was to dissolve tee people te rtia ry  s a lt in  solutions o f phosphor i c acid, 
teds gave rise  to deep-purple solutions white, on being kept e t 0°C.# 
deposited crystals end reached equilibrium a fte r about 6 weeks. i l  tee 
lower temperature there was usually no noeseslty to add aore so lid , even 
in  tee region where tee te rtia ry  phosphate was tee stable item , since tee 
solutions could easily be supersaturated by warming teen to  about 90°C« 
fo r a short time aad dissolving tee solid a t th is  temperature before 
cooling to (PC.
tee system a t dO°C. was a l i t t le  more d iffic u lt, since i t  was 
fe lt  teat wandsg tee solu tions mute above th is  was uaslse as a radical 
change appeared to take place in  solutions much above 40°C. (e .g .
Tauquelin (36) states tea t chromic oxide dissolves la  to t t f, aoid
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solutions to give an emerald-green, uncrystalliaabl© liqu id* Hoirwyd 
cad Salmon (private coEsnunication) have reported that w hilst both cation  
and anion exchangers adsorbed oaciplex ions ftt»  solutions aged a t dflAc., 
l i t t le  v flln m  mas found o f either type o f complex being adsorbed from 
solutions heated to hnparaturos*)* Solutions ease therefore
kept se ll-s tlrxed  e t 40°0 ., a m  solid being added v&sn necessary, u n til
•  stable A*yaM 114" t xueolnitate bad formed.
the method o f studying the region o f the diagram a t 40®C^  which 
corresponds to the more d ilu te  solutions, by the d ilu tion  o f a mono 
mraaantrate-i solution mas less successful bare than in  the study o f the 
fe rric  pfrftgififtttn  and, except M r tuo instances, to bo almdoMd* 
the d iffic u lty  ana th at the precipitate obtained under such conditions 
wns colloidal and chora 1.1 l i t t le  alga o f s e ttlin g , even a fte r same seeks.
Ae a resu lt th is  procedure could only be used in  preparing solutions 
containing more than about 44 o f phosphoric oxide.
As in  the fae rie  phosphate wyetcn, the method in  uhlah alternate  
tabes in  a given series ware analysed in  tee batches -  one batch a 
fortn ight a fte r the other -  mas employed, both a t 0°C# and 40°C.; onee 
move a smooth so lu b ility  isotherm was taken as a criterio n  o f e q u ilib ria *.
Bo attempt mas made to study the region beyond that made poeslble 
by the use o f the mwnsrutally available AnalaB syrupy phosphoric ad d .
Preparation o f materials: Because o f its  nioely crystalline
nature, which made possible its  preparation i *  a pare state , the chrad.ua 
oonpoond ased es starting  m aterial was in  a ll cases the purple te rtia ry  
s a lt, Crg03:PgC s^ISHgO or [c^Hg/tygJpo^, which was prepared as fttilo e *:-
isfr o f 4an1x» potassium m ljh a f (flta M  *}T l) MKV diflflOXtBd
in  4  litre s  o f d is tille d  water• A eolation o f 30 m * a t duelaR 
disodim  frjdrogen phosphate in  a l it r e  o f eater was Men added dropwlse 
with oonttnaol (neehsnloal) s tirrin g  o f Ms Xzaaediately
following th is , a solution 30 o f emonfua acetate in  800 nl«
o f ester was added dropelse end Me s tirrin g  eoatlim d ta r  another two 
hears. M s precipitate was sashed several tim e by Assentation sad 
Men washed on a Bfiahnsr funnel. a  y ie ld  o f about 60 ga® o f a d u ll- 
purple solid was obtained; M s product ms nloaly crystalline (sn a il, 
hm greial plates) and gave ao firm  fe e t fo r sodinu A rrtw ilsr m thod 
of preparing M is  s a lt has been given by M m , aaith  end Xmas (33)®
8cm typical analyses are given In  Table 3 from v&lch i t  is  asm to be 
the ocaqksskd CrgOgsFgO t^lCSgO®
Basins: as in  Ms sass o f Ms fe rric  phosphates, the resin
used fa r analytical separations was Z.K.213-H. Only Me purple series 
o f eolations end be analysed in  mansr since Me
s ta b ility  atsa « |> 1 —  y i w r t  t a  tea g r a s s  solutions — ts  s separation 
o f chronlm from phosphate* M e eolutlons to be analysed were d ilated  
to about 300 al® In  order to  loner M e hydrogen-Ion ooaoantm tion 
cuffic icn tly  to ensure the udaoiption o f the chromium on to  Ms m ain, and 
passed through a colme of the rosin as indicated in Fig* 7® Since 
perchloric acid was to  stab ilise Me solutions **** to  flj ssqIts M e 
solids, and th is  did not In terfere with Ms titra tio n  o f phosphate with 
b lm ith y l perchlorate, on aliquot o f Me oowblasd effluent and 
was titra te d  d irectly* A fter elation o f the chronica w ith S .
*
A ll tabular rem its  are given In  Section m  ( t ) .
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hydxochlorlc a d d , tea cluate mm cheeked ta r  phosphate (mite r a i l i i  
nolybdate) and, a fte r w riting , tea ooinm mas ready fo r use amain*
as described in  Section IX ( • ) ,  tea m ta o  used to r  ten nrtw «§i 
cxperiiaattta mere 1JLI8B 4I cast 1 .1 X 1 0 0 4 0 ^  and tee eapaeltp e f each 
batch wns detetmipoe as described in  th is  auction. tee str ucture o d  
properties e f the resins are iftwmsssft in  Section I  (e ).
t e h r t j i f l i t t  a g t t o ^ ^ -  C H M H X 9 I  w a s  d v t c z a i s r i ,  a fte r o x i d a t i o n  
t o  dM m nfcte, by addition o f  sn noses o f a s t a n d a r d  f t w o  o s n n i i m i  
sulphate solution, followed b y  a  b u c k - t i t r a t i o n  e f  tee e s n e s s  w ith a  
s t a n d a r d  p o t a s s t v a  d l o t e a n d t e  s o l u t i o n *  t e e  o x i d a t i o n  t o  d i e h r o s t e  
m a s  aohieod by adding 6 ml* o f 200 o io s  A l t a i a n  t y j m o n n  p e r o x i d e  t o  
t e e  n r a q r t o  a fte r i t  had been r a a d s r a d  a l k a l i n e  m i t e  40% c a u s t i c  s o d s  
s o l u t i o n ,  o d  t h a n  te  viwefl— iydrt+geaci .-xvoxide dcutioyeu by b o i l i n g  
t e a  s o l u t i o n  was t h a n  acid ified  mite solpteiric acid/pboephooric acid 
n l n t u n *  a n d  s  known v o . l w a e  o f  a  s t a n d a r d  ferrous o n o n l u n  s u l p h a t e  s o l n t f t s n  
a d d e d ,  tee la tte r  b e i n g  Is  c a m e o s  o f teat required to e f f e c t  r e d u c t i o n  e f 
t e e  d l o t m o n a t e s  t h i s  a s s e s s  m a s  teen titra te d  with standard p o t e s g j u a  
i l t n l i f o n i i t e  s o l u t i o n ,  u s i n g  " o d t u p  > « r t i n d i c a t o r *
WDSFHASEE, is  tee ease o f tee purple ( i*e . complex-frae) n y s ti, 
was estimated by titra tio n  with standard blcsuthyl perchlorate eolation 
(approximately W/tO) m ite thiourea as indicator (Saloon aad b n y ,  3?). 
Oterndm interferes is  th is  titra tio n  and so wns rumored by percolation 
o f tee solution through a eolnsn o f ZJCJQg-g as indicsted above*
At 4 0 *t. tee formation o f complexes prevented tee rn w n l o f 
cturaniw fror tee solution mite ZJC.SIB-H aad se tea phosphate was
precipitated as annmitsa x&osphonolyfedate, dried a t 115°C.# and m lg e d . 
This proontos was adopted w d m m lly  fo r n s U  aaousts o f phosphate; 
the presume of perchloric acid does sot in terfe re .
OfcQRTPK was weighed as s ilv e r chloride a fte r drying a t 115°C.
The nolet solids were separated tram  the nothss liquors la  e 
faahian r fr tln r  to that sqpLoyed la  the study e f the fe rric  phosphates 
(Section H  ( * ) . ) ,  except that perchloric add was used In  piaoc e f 
hydrochloric add  fo r dissolving the solids asd stab ilising tbs liq u id *.
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W  R gg^tsof toe Pteg»~dVi3toa Studies a t 9°0.
A study o f the system chronic codSe, phosphoric oxide and ra te r 
a t 0°C. fo r a range o f solutions containing up to CJ5% o f phoapftioric oxide 
(Tiiblo 9 , Figs. 17 and 18} has indicated the following as stable solid  
phases: -
A. Cr^ Q t^P^O :^ 12EY0, as duH-purpio, hsgggpaml plates.
B. 20rgOb:39£G^ :OTBUO, cts block, toegolsrHdmpoi crystals.
0* C r ^ :  SP^0g:19BY0, as purple, heecogexnsa-socrticmad crystals.
B* Cityo :^ 198,0, ae brl£tt~T*trpl0  crystals.
to . te rtia ry  s a lt, OrgOyPgOgjlSHgO or [cartHgOJg] JP04, feu 1m  
described prwlcwaly by P— U rtu g  (33), Joseph red Bre (34) ate
B e r n ,  e u t f c  a t e  tores (3 3 ).) . t o .  reports t e  m t  t e  I t e m  anrtar* are
t e  ngrareret Kith t t e  preoaat  e t e m t t w ,  Barely tte t  i t  c rys ta llise* te  
f la t , hWHanwaJ s la te .. A nreplo te  I l ls  aa lt m s heated to constate 
m ight a t sorerel tenporataraa ate tea results given te  to lls  10, J ig . IN * )  
toe results are a t variance s ite  tea work o f Joseph and tea (34) te  ahoateg 
eridnaoe to r a ira te  t e  t e a  a m  corraepQodlue to tea {creation te  
CrPOj.dEgO (u t tthicU point tho solid turns gram ), hat teaas anfewa o e n M  
® t* teste aotpertarets te  a dry ataosphore, te n a s  tee prasret m k  ms 
sealed  out under unreal atmospheric conditions o f bm ftd l^ .
xjis coccndiucy s a lt las to t hare described bator red its  degree te  
hydration areaot he fixed accurately by exaate&tlaa te  tea tie -lte a s ; too

fo rm u la  2G rn0 » : 9P«Uu: 8JU3LO m  A N lft id  cm th e  bn S in  o f  m  o fC V 0
M s  p ln ise  d la g rn a i In  c o n ju n c tio n  M M  M s  re s u lts  o f  c p m i a s r t a  la  w h ic h  
M e  oespnwnft m s  t t is d  a t  v a rio u s  Im paw n tiiT o n  (T a b le  1 1 ; T ig *  1 9 (b )*)®  
tb s  compound s ta r te d to  lo s s  s a b e r ra p id ly  a t  4 0 °C *, a t  M id i p o in t i t  
tu rn e d  p a r t ly  g ra m , b a t a t  each ta ip e T iitn rn  i t  to o k  to o  Im g  to  re a c h  
c on s ta n t m ig h t u n t i l  a  t e r  w n  tu rn  o f  9 h °C . m s  u se d ; M b s o lid  m s  M m  
M o lly  g ra m . M s  tw o  h o r iz o n ta l p o r tic e s  o f  M s  c u rve .  In  M 1M  M s  
f in a l lo s s  o f  m ig h t a t  each s ta g e  baa  bean p lo tte d  a g a in s t M e  ta a p a xe tu n e J  
co rre sp o n d e d  to  in te g r a l o n e b e rs  o f  n it e r  m ln n u le i ( v is :  11 14  rm s in )
M m  th e  fa s a u la  o f  th e  o r ig in a l ecrapound m s  ta k e n  a s  2CTo0 3 : SlHgG ;
1 *  r r a — n h ly  te a  te *  a tr o ote ra  [c r (  HgO) fe  g (J®04 ) a . i m f t .  X t 
c r y s ta llis e s  a s  la rg o *  b la s t ,  ir r e g u la r  c r y s ta ls  M a t a re  s ta b le  to w a rd s  
e s te r ,  and a re  o f  lo w  d e n s ity *
M b  se o o n d fld e y -p rln a ry  s a lt ,  C rg0 3 :2 l»205 : lf l l^ 0 ,  has been d e s c rib e d  
b e fo r e  b y  a » n d e fi»  (9 9 ) M s  h a s — ^  g m lm s tr is  m s s u rm m ts  m  M s  
o ry s ts ls ; i t  is  M s  e a lo u r o f  tow nas a im  and s ta b le  to w a rd s  w a te r*  A  
d e h y d ra tio n  c u rve  is  g iv e n  in  F ig . 2 9 (e ) (T a b le  IS ) ,  M e  s o lid  tu rn e d  
g ra m  a t  G 5°c.
M b p rfca a xy s a lt ,  M g O g s S P ^ : 1 8 8 ^9 , h a s  s o t b s m  deasr lb ad 
b e fo re ; i t  is  s  b r i£ i* -p u r p le  in  c o lo u r and d ie e o lv e e  r a p id ly  in  e ate r  to  
g iv e  a  p o le  s o lu tio n  M ic h , o n  s tu a d ia g , p re o  Ip l to  te e  h e xa g o n a l cr y s ta ls  
ir iw r tif l*  ee M o s s  o f  th e  te r t ia r y  s a lt *  B ecause o f  IM  
b yg ro e o o p lo  n a tu re . I t  p ro v e d  im p o s s ib le  to  c o n s tru c t a  u ry iiL /-c u re s  f o r  I 
M is  ooepoued. I t  is  p ru w iw h ly  M s  "a a fc y trm s " p rim a ry  s a lt ,  i* s *  '
[erCV>6]tV»P**
F I G . 1 8 .
S Y S T E M  C r 2 0 3-  ^ O s -  H jO ,  0 ° C .
V a ria tion  o f the R atio [(2O5]  j [C r^Q 3] 
w ith  O5 content ^S fable S o lu tions)
j ___________ 1
60 7 0
( o )  B a s u l t a  o f  t o o  B m N t M M  8 W 1 —  a t  d O ° 0 .
A s  ch ro m ic  p h o sp ha te  system  a t  4 0 °© . h a s bscm  s tu d ie d  t o r  th e  
m a g i o f  s o lu tio n s  c o n ta in in g  u p  to  G4% o f p h o s p h o ric  o x id e  and th©  
ftd lO R im  S ta h l©  s o lid  phases id e n t if ie d  ( ta b le  1 3 . W Uau 80 sa d  £ 1 ) :-
A . C rB0g :P 2G ^ :1 ^ 0 ( ae  «  pal .  < w w ,  o la ro e x y s ta llln e  s o lid .
B * Cvg0s :2P g0g :8H f,0 t  a s  .  t e t - g a i ,  « r tH 0 » tn » lM  s o lid .
0 . C iG 3 :® goB :lC B gO , a s  a  k r lB H n e a ,  c r y s ta llin e  s o lid .
. . • ■ . . J . ‘ J » '• * *  /  *  ♦ * "  *
to s  te r t ia r y  s a lt ,  C r j^ g : P g ^ ia B g O , h a s  te s t  to s e r jfa tl ta ta n  
(e .g . 1>y fc a n e is b e n g  (3 3 ) s d  m fito n n n  ( 9 d ) .)  aad I t  is  s ta b le  to a a x d s  
v a to r  and i t  s r h lb lts  s o  d ls e e rn a h le  a ry s to l-p a tte m .
to o  s e c o n d a ry -u rin a ry  s a lt ,  GTgOgi 8Pg05 :8 H g 0 , h as n o t p m ie a d y  
h o rn  d e s c rib e d . I t  is  a  t o t  c r aas  s o lid ,  f t n la g  la iP i  111 to s ja ffl 
e y y s to ls  h a v in g  o n ly  ta o  w a ll-a h a p e d  fa c e s  aad e x h ib itin g  o o n o h o ld a l 
fra c tu re s ; i t  is  H w o M M s  la  v a to r . I t  is  ia ta n s t ijw  to  a o to  th a t a  
s im ila r  g m a  cc v c p w d aahas i t s  oppoaraaoa d u rin g  th e  d a fa y d ra tlo n  o f th e  
p o x p is  s a lt  C rgO giEPgC ^ilSBgO  ( to h ls  1 8 , f ig .  1 9 ( e ) . ) .
to o  ir ta a q r  s a lt ,  C r ^ ;B ,Q ^ : ia ^ 0  (v h lc h  has s o t p re v io u s ly  
b o a . d e s c rib e d ),  is  a  b r ig h t-g re e n  s o lid  fO re tln g  iU -d s fla s d  c ry s ta ls  v h le h  
d is s o lv e  r a p id ly  ls  v o te r  to  g iv e  © ilg h t- g r v v a  s o lu tio n , to le h , c a  h ig h  
d iln t lc a ,  p re o lp ita to e  a  pal s g ra a . is m n h oas s o lid .
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DRYING CURVES FOR 
STABLE SOUOS
(b) 2 C rf0y 3R05 : 51 fyO
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p o r t le H  t e  IJ tA 4 0 M 0 4  re a ls  < m  added to  M B  p .  te  w ia u  aa  be ra te d  
n l a t t a w  a te  la f t ,  o t to  d a lly  s h a k in g , t o r  B a s e  m k s .  to e  M h r t lo u  
m re  pre p a red fro m  m e  p b o e p b o rla  a d d , te a  te r t ia r y  s a lt  and a a to r  
a a a o te la g  to  te a  p re v io u s ly  d e te re lre d  M U M U B  la e t t r e .
to e  re a u lte  a m  g t m  I s  t o la  1 4 , T ig .2 2 (e ) . B o  ah raal f
see  adooteed a s  to  to e  a t e n p t i  h te  p h e a p h a te  o n ly , a te  th e  s a m ite  a m  
n tw ga i' iib ie  w ith  th o s e  o b ta in e d  w ith  p v r i  phospho r ic  «
ta b le s  S a te  1 9 ; l i p .  1 9 (a ) a te  9 9 (a ) .
C a t^ *® n m h i« ig B  m a r tM iit a : S ta b le  — : ‘‘ ©I' —** « » y  aada ap
o o rra a p o B d la g  to  B a n  a m i a to m  a te  0 .9 0 0  p u  p s d a w  te  1 . I .W W  
added to  d a te . B» a d s o rp tio n  te  p b o sp h a te  a u  a ta a m d  a te  te a  
e la o ip tio B  o f  th e  to rv a le o a t abrcm lum  lo rn  woo a lm o s t la d e p e o d a s t o f  th e  jjSL 
(H a lls  IB ; T ig s . 8 2 (a ) I  ( I ) . ) .  th e  am flheaga* wee m ot c o m p le te ly  
aa ta o a to ft w ith  ahaom tna m ot th is  m s  p m fc iM y  doe to  th e  b lo c k in g  o f  some 
o f  th e  a m a h a n g e -s lta a  boeenss o f  th e  o f  th e  h e xa q u o cfa rc rtic  V w s lm  
t t lc h  4 —  th e  ehsam iim  is  iir o h e h lj ad o o ito d .
to e  d b o m  i q i r t u t i  g a m  a a  t a t t t a t t a  te  o a q p la a c -ta re a tifls ; 
th e  n s  p re s u a a b ly  c o n s is tin g  O f r> terns amd phospha te
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<3> S t e a l s  S t  M > %
r iilo y t- er s tm u so  o o g ^ r i^ u ts : A  s e r ie s  o f  s o lu tio n s  m o  n ods
up  fta a  th e  te r t ia r y  s a lt ,  p h o s p h o ric  aad m ts r ,  u s in g  M s  p rev io u s ly  
d s te m S n sd  is o th s m  a s  s  g u id e  (to  a m id  tiding s i'p e rc a tu ra te d  s o lu tio n s ) •  
A fte r  a g e in g  fu r  2 -3  m s k s  a t  g ° 0 * 9 X .0 0 0  g u  p o rtio n s  o f  I® R *A ® g M F 0 4  
nears to  m -flb  s o lu tio n  M s  d a ily  ( is  M s
M e a m o e ta t a t  4 0 °C .) fo r  1 0 -2 0  d a y s . A  s im ila r  s c r ie s  o f  e x p e rim e n ts  
m s  s a r r is d  o u t u s in g  p u rs  p h o s p h o rlo  a d d  o f  c o rre s p o n d in g  s tre n g th s ; in  
b o th  oases M s  c a p a c ity  o f  su ch  p o r tio n  o f  M s  re s in  d s ta m tn e ft s s  
in d io a te d  in  S e c tio n  XX (e ) *
M s  re s u lts  f a r  M s  ch ro m ic  phosp ha te  s o lu tio n s  a m  g iv e n  in  
M h U  Id  and T ig s *  8 3 (a ) A  (b )*  A tte m p ts  m m  m d e  to  as oom t  fo r  th e  
obser ve d c a p a c ity  o f  th e  r e s in  s m p le a  b y  a sa e e ia g  M a t a ny a m  o f  s e v e ra l 
l ik e ly  p te s g h a to -e h ra s i*  a n io n ic  conjOeaooe ms b e in g  a d so rb e d , to g s M sr  
w ith  fre e  p h o sp h a te * Mr M is  p u rp o se  - an in  th e  s tu d y  o f  th e  fe r r i c  
liin o jh ii ton  — i t  m s  a s s s e d  M e t M s  free pJhoa iii \to  M m  adsorbed  be
p re e a n t in  M e  sens pro por t io n  o f  % K >4 and H P of“  M t t w l a t a  B in w in n  
o f  d o s s h S n  (M s  r e s u lts  o b ta in e d  fo r  p u re  p h o s p h o ric  a d d  a o in tlo a a  
a m  g iv e n  in  T a b le  17  and P ig . 2 3 (e )* )
to&Jfce M e  fe m e  s y s te n , M e  m s e lta  in d ic a te d  a  v e ry  In s  
concen t ra t io n  o f  trip h o s p h a to -o c M p la m a  and In  fa s t  su g g e s te d  M a t M e
teta —«*• ntoottte *** tell b. [ortM,),]3" (tf tto eo-o^te*
F I G . 2 1 .
S Y S T E M  C r 8 0 3- | 0 5- H j 0 ,  4 0 * C .
V a ria tio n  o f the R atio [f^O g] j \ Z r ^ 0 ^  
w ith  P20 s content ^S tab le  S o lu tions)
________________________________________
water taoleeuleo am ignored) • the method of oelotilation. agnLowd ha 
this w o rk  h as to o n  g lm  la  S M tlo a  XX ( • )  (F a s * 89) •
- 5 7 -
S a  re s u lts  a ls o  tU f in a t  tstto M  O b ta in e d  in  tos f e r r ic  
phospha te  s M U m  In  th a t ,  « w  in  d ila te  s o ls t ic e s , th a  udeosp t ls a  o t  
a h rn ta ta i rn w la o rt h ig h ; th a  d ip  in  th a  a d s o rp tio n  a m  a t  appr o ifw a to ly  
7 k  % a t  jk M p e v U  o x id e  a n y  M i l  ha  M la ta d  to  to a  to o t th a t a t  th is  
p o in t th e  toawad a a  c o n tor t  o f  to o  s o ln tio a s  Id  r is in g  r a p id ly  a s  to o  
r a t io  a t  ph osp h a te  to  eh rcm tu n  is  t o llin g  (M g s . SO aad  E l) .
Xa to la  ra sp or t  i t  is  in te rn s *  la g  to  a s to  t o r t  la  to s  
s n ta ra to d  s a in t Io n s  to s  r a t io  a t  p h o a p ta to  to  d w r t n  n u t s *  a  t o h a  
ta la s  a t  8  (T a b le  IS }  M g . 8 1 ) , M or ana to la  v r ttfin a *  is  S to r  to o  Iro n  
sad  u lu n la lu n  p h o sp h a te s  ( to h ls  8 ; M g . •  sa d  to h ls  8 0 j M g . ST 
re s p e c tiv e ly )  aad 4  t o r  to o  o h x o a is  (o o n p d e x -to s s ) e y s tc n  a t t f io . ( to h ls  9  
M g * IB ) .  ( A a  re le v a n t d ia g ra m  t a n  a l l  been te n s  to  to n  anas 
s e a ls  in  a rd o r to  t o a t l i t r t o  o a n p R rls a n .)
( b llQ & r a ita lB  m  iiflfrlim wrtar  s ta b le  a o lu tlo e a  m am  a n  
aa  b e fo re  and a f te r  th e  addi t io n  a t  0 .8 0 0  9 1 .  o f  U . 8 M  to  aaah h a to h , 
th e y  M ta  le f t ,  w ith  d a ily  s h a k in g , f o r  1 0 -1 4  days aad th e  adso rbed  
a r t e r ia l e la te d  w ith  9 1 . n it r le  a c id  aad a n a ly s e d . Too a t  to o  ra a a lto  
to n s  o b ta in e d  showed a  v a ry  lo r  ph osp ha te  a d s o rp tio n  ( to h le  IB  and  a m  
" V  in  M g . 8 ft ( a ) . ) .  S in o e  to s  in t e r io r  o f  to o  re s in  ls  ta n a  to  ho  
a  s tro n g  a c id  and s tro n g  a d d s  a re  able to  p ro a a to  to s  oon r s r s lo n  o f  to s  
gseon  com plexes to  to s  p u rp le  o raponads (e .g . g re e n  e o la tio n s  o f  o h ro d e  
ph osp h a te  a lo o fly  te rn  p u rp le  o n  th e  a d d itio n  a t  n it r le  o r  p o ro fa le rls
• 9
a c id s ) end s in e s  to o  fO M tig a a  g ro u p s  o f  a  o a tio a -a a ca h M g a r n a y  a r t  a s  
ll& jn d  g ro u p s  and sva n  d is p laos  o th e r g ro ups  o r ig in a lly  hound in
F I G . 2 2
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(c) Adi, orphan o f  Phosphate fro m  Phosphoric Ac/ct So/ns. by 1  P A . 4 0 0 'P O
com plex ( e . f .  O M tH M a , 9 4 ) , i t  a o ra o d  l i r t i i l l i  to  s g e a t th e  made ta  
th is  r n g ln ij t a t  w ith  a  s h o rte r  t t a  o f  co crta crt h a to o ao  x ttS a  ra d  s o lu & lo n * 
B m  re s u lts  a re  a im  m o m  in  ta b le  IS  a te  b y  a o n  ©A* in  U p .  2 4 (a ) 
t e d ) .
Aa in  th e  a n lO B -asteaag p  oxperJJM R rts, a tfe a sp ta  w are  no do to  
a a a e m t t a r  the o b se rve d  c a p a c ito r te  th e  re s in  in  t arn  a te  Taorlon a  p o s s ib le  
e a tio o io  eem pla rea  to g e th e r w ith  f t m  o ta o n iw s  ( jo r ( iy » ) c ] 3’ ") a te  th o  
r e s u lts  a re  g iv e n  In  T n b ls  1 8 . A lth o u g h  in  th e  e e e o te  a n te s  te  
ta p to ia ra te  t t a  a d s o rp tio n  o f  bot h  f r a d o i  and phoaphat©  w  
i ip o r  th m  in  th e  f i r s t ,  a  te n ln m  in  th e  a d s o rp tio n  c a re s s  s t i l l  
p m ia W  a t  a b o u t ?3r % at^ o q t o i t  o x id e  ( th e  jn * s  te  th e  a n to ittoaa
fo lio s  a  B ta iln r  co u rs e  -  T ig . 2 4 ( e ) . ; .  S tar s o lu tio n s  c o n ta in in g  a P 
to  206  o f  ih M jh w lc  o o d flo , th e  n p a d ig r  te  th o  ro s in  d m  re fs ra d  to  
a d s o rp tio n  te  tom  jc r(H F 0 4 ) ] + io n  im a in te  oonat an t  te  s h o o t 806  te  
th e o r e t ic a l, ch o re a s  t o t  o q a d t r  f o r  to w  [< 5 r(H g » 4 ) j le a , in  a te  
aen s tm t  a te  o f tm  te a m  1006  te  to w e a a tio a l ( to t t a  1 8 )
fe e  r e s u lts  w o u ld  o a a , th e re fo re , to  fa v o u r tow  a d s o rp tio n  te  
to w  [a r(S P 0 4 ) j *  io n , th e  le v* c a p a c ity  b e in g  a  s ta r ts  e ffe c t d m  to  th s  
s iz e  te  to w  io n  (a v a n  tow h a n p t e r w io  to n  se a m  to  a te ib it  t h is  a t te s t  
to  a  c o n ta in  a s te rn * -  S tab le IS ; F ig . 2 2 (a ) -  a te  to w  [flr(K H 3 4 )(H ^ 0 )^  *  in  
p re sum a b ly  l« x r a ) « T ta  d lf t a m w  In  t t a  m m lt f t  a f te r  d if fe r e n t 
tin e a  te  c o n ta c t w ith  to w  m a in  c o u ld  p re n w ab ly  a r is e  fte n  a  a lo w  ra w te ic n  
te  tow  ty p e :
(w ham  a  b a rre d  fe x o n la r  in d ic a te s  to w  re s in  phase ) o r  a rm  • * - * ' __
F I G . 2 3 .
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(b) Adsorption o f Phosphate Pom Chromic Phosphate So/ns. by IR .A .4 0 0 -P 0 +  
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(c) A dsorption o t phosphate fro m  Phosphoric A c id  So/ns. by I P  A .A 0 0 ' P 0^
ic 15 2o
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re a c tio n  in  M ie h  th e  w lp h c n td  a d d  g roup e o f  th e  re s in  m y  p la y  & 
p a r t, e ith e r  ae  ea ta ly s ts  o r  ae  lig a n d s  o r  b o th .
OOOQOOO'
F I G . 2 4 .
[s] Adsorption o t Phosphate from  Chromic Phosphate So/ns. by Z .K .2 2 3 'H
(h) Adsorption o f Chrom/urn from  Chrome Phosphate Solutions by Z .K .2 2 5  H
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(b ) P laouaa locL R e s u lts
n a tu re  o f  th e  e o la tlo n a : The io n -e xch a n g e  studies a t 0°0.
show a  < x*n p le te  o f  b o th  m w i c a tio n ic  c o o p le s ic  j, Tables 14
aad 15$ F ig . 2 2 ) . M is ,  ta k e n  in  o tm tm e tix m  w ith  th e  p u rp le  c o lo u r e f
th e  s o lu tio n s , e u g g ss ts  th a t th e  s h ro n is *  is  r n M int ae  th e  tw irw qno^h»w »f m 
io a , J c rtH g O g j3^ .  A t th e  h ig h e r o o ae a n tn a tlc in B  th e  s o lu tio n ®  bcocwae
m a ru ld -g s e a n  a f te r  a  p e rio d  o f  a b o u t 1 8  w eeko , a iM o u tfi up  to  a b o u t 804 
o f  p h o s p h o ric  o x id e  th e y  a re  s t i l l  p u rp le  a f te r  6  zaonths. The M ira g e  
in  c o lo u r o f  th e  g o re  e o n e a a te a te d  s o lu tio n s  w o u ld  a p p e a r to  b e  partially 
ro v a rs a b le  in  M a t maefe s o lu tio n s , q b  d ilu t io n ,  o fte n  r a p id ly  re v e rte d  to  
th e ir  a rftg ta & L  p u rp le  c o lo u r . S h is  c o u ld  b o  due to  M o  n p lio o r a t  o f  
one o f  th e  c o -o rd in a te d  e a te r  g n le o n lo n  b y  e g  IfyPO * g ro u p  to  g tv o  
[(hK R gO lg iH gP O ^)] * * ,  M ia  b e in g  fa v o u re d  b y  M e  h ig h  c o n c e n tra tio n  o f  
H gK iJ in  a h ia  e o la tio n s  end s u p p o rte d  b y M e  M e t th a t U m  g o re
th a n  age c o -o rd in a tio n  p o s itio n  is  ta k e n  u p  b y  M e  phoaphato -g g o u p , i t  th e n  
tinenw ee n u b  m a  d i f f ic u l t  to  re p la o e .
X» the easo of Mi green solutions a t 40*0., Me nature ef Me 
legs present in solution Is not so dear. the tmion-exchange studies 
(Tahla IS ; Mg. 83) mOd a— te toply that I t  la the joKPO j^8" Ion 
o x  I t s  RflSlfieatlaas (e .g . [crdHjgtHjgPO^) J 8" «*.) teat le etootted. 
to this raapoat It la et tot— t teat tee ratio of itotfnrU axtti te 
ttraato extoe to a table solutions reaches « ratoe approaching 8
(Table IS; Mg. 81) ea eaepae1 with e ratoe of 3 for tea »—■ | Mine
ta  t a  t a r t s  p h n e p h ite  irm tm  ( M ia  ta  * * g . t )  t a n  t a  « a « t a  ta  
a  d  -■< tftr fititrM iB ft^  te e  co ryoopn tv i iiu * n in in s i r a in s  is  3  t o r  te©  
s t a t a t a  t a r t *  ( t a t t e  a » t M g .8 7 ), t a t  ta M * y  w t a  a  a a ta a  4  to  
th a  t a a t a  p ta e p ta ta  g a t e  a t  0 °C . ( ta t t le  ta  t a b  IB )  t a n  a a  n n a p lirta a  
ray* te sM n ft ram  te ©  s u ite  tto im  cd* a  jlya . i& iifg iy  r a te  b a ss  tu ra  a  fe l r l y  
r'3t i ,o t^  ('Sms LLLtajpPuEis m sm M sm d ram  dram s lo  te a  sons o o a li
in  osdsg lo  f e o o t ills ld  so c i^o i^ im m *)
t e s  ffAc'xi^-rrrfff -v\ p  ts s ^ ja firE jjite  a m  d i f f ic u l t  lo  Cf’Q S ^ in  o n  te w
lo f ltto  o tf aiU xxppt jboo, o f  im s  © » , w tW tt t e s  IM d S  apDOuflNi l l  J&& %
ta g s  p a r t ta  t a  m t t t a  ( a r t  o ly  ta  t a  rg eta b afi m ta r tu l d t f t t a l t  ta  
t a o n  -  z o c ja te ta g  S *B ta  s s U  -  t a t  t a  tta a  a t  a o e ta rt o f  ta r  ro e ta  a ftta
te S  SOi&Kti&atil to  s f f t o f  te s  itesaac^te flm i m M *  |£ |t  3Rlg* 8 4 » )*
t e s  s r a u i l o  o f  t e e  r a p t e t e  A t Q ^ff, ( (2a2kUi M g , ftg ) w i i ^  s ra ra  t o
— - — — © «- j  j .  - -  i n«n > v t  s t l  * _____  j *  ■» g _  .  — - .  a.  . ^  *. —--*• ■» — ■i t e r a *  t e l  i i  « s  ram  iy p \iig w )^ I ram  ra ra  to  w r a r a i i  ram  s m  ram
slsm rat tes i m  jsMtodss ife rams wcu^ msk ^  * tea ? n Gscteizvso"*’
s & te s  ra i t e s  f f lrr ln  > H  t e i s  i s  te u  irnynr, te rn s  -uia s d so c fte o m  o f  nxiy 
in n  <XMiWA*3t*jog to te  tn> rrrtv i nn rte fi ram  y b o ^ ik t’vo ft <1 to  ^aspuci^ id lm
© m iss •ii),,, ■ lo w  s fte m O ffe  ou ptsdA tr w  k s  tyuutfe* to  cm o^uki oDcfcfsit-,
rft.ffrftQ s&agfc, ra re  tk a ^  ram  „ ram  fF ie t«
tfa a ra ttro , t a r t  ta w  o O a o v p tto * a t  to o  [c » (K i< g )] + fe u  fta a  s s h r t ta s  r t  
4 C^t»» a r l i t t l t a  te $  200 SlipuCSLty (s to U l m B tO N S  t e
t fn n  o f  o o B lm l o f  te rn  ta ite  te s  o o is te o m  ( M io  10} t c u g ^ t f l th w t
s»<«  ftft te s  ism  Im ite s S J ty  r a m M *  t o n r a s t e *  o  t^a n g g  ♦»  ram  
; stooaiboil u y  % c o o o U u a  ran —
s j e H w o t } ] + *  t o m   v -  d r  4  * [ c * ( w o t ) ( a B w t^
a e  B ta U a v  m o t to s ,  po oe lK L y in v o lv in g  »«W  a r ts ly e la  t y  t a  a rtp fa o n ic
a c id  g m a p i o f  th e  r e s in . The o th e r p o s s ib le  oa tion ic-o cxap le aD es, a t  t t a  
o th e r t a d ,  g iv e  an  e r r a t ic  v a lu e  f io i t t a  e ffe c t iv e  c a p a c ity , o fte n  o v e r 
1 0 0 % ( ta b le  1 8 ) end se e n , th e re fo re , le e s  lik e ly .
T ta  vrtn tw rm  v e in s  o f  a d s o rp tio n  th a t is  e t t ib lte d  a t s h o o t 4  
o f  p h o s p h o ric  b y  t t a  a n lo a -e x c ta a g s r is  p roaR ruab ly a  c o n c e n tra tio n
a f fe c t ,  ir ln tf r  a t th is  p o in t t t a  A w M  non to u t o f  t t a  s o lu tio n s  is
b e g in n in g  to  in c re a s e  r a p id ly  ma t t a  r a t io  o f  p h osp h a te  to  e h x o n ite i
deore a s e s  ( ta b le  1 8 ; T ig s . 80 end SQL). In  t t a  ease o f  t t a  c a tio n -
e xchang e r i t  is  s o t n lo f ir  s h a tte r  th e  d ip  in  t t a  a d s o rp tio n  mu wen
w o u ld  s t i l l  ta  S ta n d  w ith  even  s h o r te r  t in s  o f o o n ta o t w ith  t t a  r o s in , t a t  
i t  d o u b tle s s  oees i t s  o r ig in  to  a  s te lla r  o f fs e t .  In  b o th  oases t t a  
a g e in g  o f  th e  s o lu tio n s  n a y  p la y  a  p a r t in  th is  o f f se t *« s  in  fa c t  t t a  
o ffs e t o f  agein g  o n  t t a  e o la tio n  is  a  p o in t te a t re q u ire s  fu r th e r  s ta g y .
B o a tin g  te e  s o lu tio n s  to  ts n p o ra te ro s  su ch  in  onosso o f  4 0 °C . 
aeons to  r e s u lt in  a  n a rk e d  change In  te e  n a tu re  o f  te e  io n s  p r o m t  in  
s o lu t io n . T ta  s o lu tio n s , f o r  s m s p ls , bsonns u n c ry o ta U L ia a h le  
(T a n g a e lin , 3 4 ) and h ave  o n ly  a v a ry  s n a il concen tra t io n  o f  w a io n lo  and 
c a tio n ic  ccnplaxea (Ilalroyd skt\m nm  p r iv a te  cxmnni c a tio n ) •
S a to m  o f  t t o  t o l^  ja b ttw w : V e *y  l i t t l e  a m  to  m id  u  t o
te e  n a tu re  o f  te e  s o lid s  w ith p n t X -ra y  o r  s te lla r  a ra n in at lo n . T ta  
p u rp le  n ftH A a  p rs o u ta h ly  am o te te  te a  i mmmu 'n i lu c n 1 n i< w  m s  t in s  te a
te r t ia r y  s a lt  and t t a  p t t a iy  s a lt  a m id  ta  "a n h y d ro u s ; v im  O r(H o O ).l J t
» [ c rU % o ) ^ J .s
a te  [u*<H gO )g .  S b . n m w iiln g y  t e l  m o ld  m a t p a o b u b ly  t o
'4
HP04]  .U % 0 , a lt t o a ,  to— t e n  m ar to  v a r la k la  (p c a a ih ly  
m o lit le  la  aatom). tom  aeccmdary-prlmry s a lt ,  ar2C^:2FgOgtUBgO, la  
d i f f ic u l t  to lunlato w ith  oay oeglalnty. t o .  m B t e j r  n iB M ila to  a
m ix tu re  e f  ! lK j| “  a nd  H g fO j 1—  to g e th e r a ith  h iix u q u o c lirc rc lc -la n s .
■b  d e f in ite  s u g g e s tio n s  m b  be  node la  te a  oasa o f  te a  g reon  
s e r ie s  e f  acnpoMnda .  e x c e p t te a t te e  p rim a ry  s a lt  le  w e t  p ro b a b ly  
H gJcrtH P O ^Jg j.S H gQ , a lte o o g i ae  a rld e a o a  fo r  te e  tc tp h M g to a te -la n  le  to a o d  
la  te e  ra n g a  e f  e o la t i o n s  c o n ta in in g  up  to  8S$ e f  p h o s p h o ric  a x td e .
M b  te e  sa l on e x p e rim e n ts  a t  tO °C .,  th e  aeooad a ry -p grla a ry  a a lt  c o u ld  q u ite  
;/oil tie  H g j^ G rflo ^ } g (H ^ )2  •JJgp  tifid  tea t e r t ia r y  a a X t e f  te e  ty p e
[ c r ( i y » 6]  [ o H » 4 ) 8(H ri»)8]
 0 00 Q0 00  »
(1 )  T a b u la r H a a a lta  t o r  fa r *  111
TABU 8J hW U m—
r m c N b  j jw s m a  o f  « n  h o g p a h id  chhokxo  w m m & &
\
riH n lJT lC U L  ftlfrg ff-T ff TKEGfimOO,
X XX XXX A *
4 4 4 4
°*«®5 2 9 .7 4 8 9 .7 6 8 9 ,7 3 2 9 .8 0
*A 8 7 .7 4 8 7 .6 8 8 7 .8 3 8 7 .3 5
V t t J I 4 8 .6 8 4 8 .4 1 4 8 .3 7
*
w here  A  •  C r^O ^t PgO^: lBHgQ
S Z S B M  C r g p g ^ ^ O g tH g O  A S  0 ° C .  -  S X t f U  i ^ fT I.T H B T m
r * — •■" *
a m m m m IDXSf SOLIDS
'❖ ° * 2 * 3 H od.R a tio d. T r v
*
0 ,9 0 1 0 .1 0 1 1 0 .4 8 1 . 0 2 7 .6 8 8 9 .8 3
>
1 .3 6 2 0 ,1 0 3 4 9 .4 0 1 . 0 8 6 .1 9 2 8 .0 0
2 .5 0 1 0 .3 8 4 6 8 .8 5 1 . 0 2 6 . 6 2 2 8 .5 3
5*999 0 .9 7 8 2 6 .9 7 1 .0 8 1 7 .6 5 1 7 .6 7
4 .4 6 9 0 .6 4 6 7 7 .4 0 2 2 .8 1 £ 3 .8 9 > A
5 .0 9 1 0 .9 3 5 2 8 .8 5 1 .0 3 m
6 .8 22 1 .3 0 6 5 .1 1 • 8 6 . 8 8 8 6 .0 8
7 .4 0 2 1 .6 7 8 4 .7 8 te 0 4 .3 5 8 5 .5 4
7 .5 8 6 1 .7 6 5 4 .6 1 1 .0 8 1 4 .9 6 1 2 .5 9 J
8 .9 8 8 2 .2 3 3 4 ^ 2 2 0 .7 1 1 8 .8 3
fe
9 .8 8 2 2 .8 9 5 4 .7 4 1 . 2 2 8 4 .4 2 1 7 .0 0
1 0 .8 1 2 .3 5 6 4 .9 1 2 3 .1 1 1 4 .9 4
1 8 .4 8 2.532 5 .0 6 2 4 .4 4 1 5 .8 3
1 4 .2 2 8 .7 7 4 5 .5 0 1 .1 3 2 5 .4 0 1 8 .0 1
1 0 . 8 8 2 .8 1 8 8 . 8 6 1 . 1 0 2 5 .0 3 1 7 .0 5
1 7 .8 5 3 .0 8 1 6 .5 1 1 .1 8 2 5 .3 7 1 7 .7 8
1 8 .7 0 3 .1 2 7 6 .4 1 «. 2 5 .0 1 1 6 .6 6
8 0 .2 1 3 .2 6 3 6 .6 4 1 .2 3 8 4 .6 6 1 5 .6 1
8 5 .8 2 3 .7 7 1 6 .5 8 mm 2 6 .0 3 1 7 .1 3 j
8 8 . 6 6 3 ^ 8 8 7 .9 0 mm 3 4 .8 3 1 7 .5 6
2 8 .0 1 5 .1 8 2 9 .4 5 1 .3 0 3 6 .4 7 1 7 .8 8
2 8 .4 1 3 .1 8 8 9 .8 5 1 .3 0 3 3 .3 1 1 2 .8 0
3 0 .9 8 2 .9 1 4 1 1 .4 0 1 .3 2 3 5 .8 9 1 6 .8 8 ► c
3 5 .9 0 2 .6 8 4 1 3 .7 3 6 .0 0 1 0 .4 8
3 8 .0 6 8 4 M 1 6 .1 3 6 .8 7 1 7 .4 4
4 1 .9 6 2 .5 3 2 1 7 .0 • 3 7 .5 6 1 6 .2 8 j
4 4 .0 3 1 .1 8 8 8 4 .2 mm 4 6 .7 2 1 0 .3 8
*>
4 4 .9 1 Utft 2 5 .9 •» 4 6 .5 1 1 3 .4 6
4 7 .8 3 1 .4 8 2 3 4 .2 1 .4 7 4 7 .0 0 1 1 .7 3
4 7 ,4 1 1 .4 7 0 3 4 .6 • 4 7 .8 1 1 8 .5 6
4 9 .7 9 1 .8 6 1 4 2 .3 4 8 0 8 1 1 .7 4
5 1 .7 7 1 .1 7 1 4 7 .4 • 4 8 .7 7 1 1 . 6 6
j
ttM N  A  -  C*te®s *p 8 °8 !XSHB0  0  »  C r^O gt S PgO gtIM gO
a  •  fio rgA jiaP gO gsB iH gO  s  *  c r3o3 i3 r 2o5 : i a i2o
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w m r n u K im  ow  c r ^ i P g O ^ i a s g o
T u a p e ra tu re
C °o *l
T tM
( lir a )
l o s s  o f  w e ig h t M a la . HA»
f ln a ^ f  X <
■
ftp p U  8 (s m a g ft)
6 6
0
M m to 12 JO
40 48 0 . 0 1 0 .0 6 1 8 .0
69 1 2 0 1 4 .5 ? 1 4 .3 8 7 .9
90 60 1 4 .7 0 1 4 .4 2 7 .9
139 1 2 0 2 8 .8 3 8 8 .2 8 4 .0
140 60 8 8 *31 9 8 .8 9 4 .0
169 95 8 8 .9 7 2 8 .2 8 4 .0
i S flft 1134+w
*
4 2 .9 8 4 2 .0 0 0
T |
w ta w iS iM  e t  3C ri>o3 23i'2og !S ia 2 0
: J— — — — - 
TenperutU T©
( ° c . )
C tn o
(m m .)
Lose o f  w e ig h t M o te . 8U0
Sam ple 1 3n|M p)f g
re g a in in g
(a ve ra g e )
•
% a
0 • m 5 1 .0
40 1 2 0 1 5 .1 3 1 5 .5 8 to
6 6 is o 3 6 .9 9
90 94 40416 4 0 .0 0 1 4 .0
1X5 69 4 9 .6 0 4 0 .5 2 1 4 .0
149 60 4 4 .0 1 4 6 .8 6 u . o
166 96 4 6 .0 8 4 5 .8 9 1 0 .9
Rod h o o t 8 5 4 .7 6 5 4 .6 8 1 . 0
------------------- ji
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12
m m su & x m  or cfe^tsp^tiaa^o
T k M p tta ta re T to n V m p  o f  w o if jh t H o ls . HgO 
ra a & to is g  (emsags)(°e.) ( h r s .) flflggi. a
0
t  *mm
*
m 1 9 .0
40 48 0 .0 4 0 0 4 1 9 .0
60 200 8 5 .5 6 3 5 .8 0 8 * 0
90 60 8 5 .5 6 8 5 .6 3 7 *9
1 2 0 2 0 0 3 0 0 0 3 0 0 0 6 * 0
140 60 3 0 0 1 9 0 .2 0 6 . 0
165 96 3 0 0 8 9 0 .0 1 6 . 0■ Bad tent t 4 4 .0 0 4 4 0 9 0
i
T*BLK l a
a a m - ja  CrgOgSPjjOjjtHjjO AY 4 0 °C . .  SttABUB EyUILlBtiXDM
m a m m w x & s  ar>T.Tm
o ^ , M o l.
R a tio
6 .
* *
' ........ -  i p------------
*
0 4 m 0 .0 5 1 4 1 8 .1 1 3 2 1 .2 2 2 2 .4 0 \<
1 .0 2 3 0 .1 4 3 1 4 .4 1 .0 2 6 .1 3 2 7 3 9
3 .4 4 4•rftWWi 0 .9 5 0 2 1 0 .9 1 .0 1 2 6 .4 4 2 0 3 1
4 4 m 0 .4 9 3 9 9 .1 6 1 .0 1 2 0 .6 0 2 1 .4 8
7 .4 9 3 1 .2 3 7 6 .4 4 to 2 0 .9 8 1 9 .5 0
1 3 7 S 6 .2 9 mm 2 2 .5 1 2 1 .2 3 >A
1 1 .1 3 2 .6 6 1 4 .4 8 to 2 1 .9 6 21 .6 8
1 2 .6 3 3 .7 7 4 3 3 6 1 .2 1 2 0 .4 9 1 6 .7 3
1 5 .8 8 6 0 8 3 2 .7 5 1 8 .8 9 1 ft ,5 ?
1 7 .3 6 8 .3 3 6 2 .2 3 2 0 .1 3 1 4 3 3
1 8 .6 4 9 .2 8 9 2JL9 1 3 3 2 3 .4 1 2 0 3 9 J
2 0 .7 2 8 .9 5 1 2 .4 8 to 4 1 .3 6 8 1 .3 2
2 3 .4 8 8 .1 9 6 2 .9 4 * s o m 1 7 .4 6
2 5 .2 4 7 .4 8 3 3 .6 1 - 3 3 .0 5 1 3 .8 5
2 0 3 7 7 .1 0 1 4 .5 1 1 .4 1 9 9 .6 6 1 6 .3 1
3 3 .0 1 7 .4 3 4 4 .7 6 a.. « ►B
3 6 .9 3 7 .8 1 7 4 3 4 to 4 2 .6 1 1 7 .7 8
9 6 3 3 B .4 4 1 4 .9 3 1 .4 5 4 4 .0 8 1 9 .0 3
4 1 .0 6 9 .3 8 7 4 .7 9 1.417 4 4 .2 1 2 0 . 6 8
4 3 .1 1 9 3 0 6 4 .7 1 4MF 4 6 .9 9 2 9 .6 0 .4*
4 6 .6 3 1 0 .3 8 4 .7 1 1 .5 0 4 0 .4 6 1 4 .4 3
4 7 .S I 8 .6 1 0 5 .8 8 5 0 .8 1 1 3 .4 8
49  4 1 7 .5 6 6 6 .9 6 1 .6 0 5 3 .9 3 1 5 3 6
5 0 3 4 6 .7 H 8 .0 7 1 .6 3 8 2 3 8 1 1 3 5 f t
5 1 .7 6 6 .9 7 4 9 .2 8 5 3 3 0 1 2 .6 7
6 4 .0 0 6 .0 7 3 1 1 . 6 1 . 6 6 5 5 .9 0 1 0 3 6
5 6 .1 3 4 .9 8 0 1 2 .0 8 1 .6 9 5 6 .0 0 9 .2 3
m --
*  M w r. A *  OrgOgsPgO^slSHgO
o  =  o r 8o
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1— ----------- A-----------------
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C a p a c ity
in
m u q ./o a .
r
H a ls *  i
p a r e q o iT , 
C r
id so rb e d  
> o f  ro a ln
k >4
5 5 .8 7 8 .8 3 m x 0 .6 6 0
1 0 4 ,6 8 2 *4 4 m 0 .6 8 0
1 0 5 .7 1 2 .4 4  , m 0 .6 6 5
2 0 6*60 2 ,4 6 * 0 *6 2 2
’IriBLB iff
A D e o a ra o r o r  c a x m m  m x a m s t  B t  y . . i.m » g  
m m  c m o n e  m x B & m  s a u m o m  * s  o ° c .
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C a p a c ity
in
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p e r e q s iv . o f  rra d n
O r » *
3
2 0
IS
80
5 .8 7
4 .6 6
5 .9 X
5 .6 0
1 .5 6
1 .4 0
1 . 0 1
0 . 6 8
3 .5 7
3 .5 0
3 .5 9
8 J »
0 .3 8 9
0 .3 8 3
0 .5 3 3
0 .3 0 9
a u .
•
•
*
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» q ./e E U
*
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tdso rb ed  
o f  re s in
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C a p a c ity  accoun ted  
t w  -  %
'
c r » 4 A * ! B *
Q % 0 *
X 1 0 .4 . 2 .4 4 0 .2 8 2 0 .6 7 7 * — 108 5 0
5 8 * 6 2 .4 4 0 .1 7 4 0 .6 7 6 127 70 108 67
LO 0 . 0 2 .8 7 0 .1 7 3 0 *6 6 1 1 0 0 75 1 0 1 6 6
1 0 8 . 8 2 .4 8 0 .8 2 0 0*649 te • 99 80
80 8 *3 2 .4 0 0 .2 5 4 0 . 6 6 6 te te 190 80
85
----------------
3 .6 2 *4 4 o a a 6 0 .6 7 1 108 75 1 0 2 6 6
*   ^
A m ta g  th e  fo llo w in g  to  b a  a t a n M *
A  
1  
0  
8
**  2 -
to g a th e a r w ith  8 ^ 0 ^  gad HPO^ 8  M a  pro p o r t i on s in d ic a te d  in  t& h la  1 7 ,
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MOK aOKMIO ACB AT 40°C.
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Capacityin fh o e p tia ta  art >nii twin *
M o lo ./e q .
1 2-
a n tr n C
r
i5
1 013
2 025
2 .4 3  
2 .4 7  
2 .4 6  
2 .9 8
2 .4 4
2 .4 4
0 .4 6 1
0 .6 6 0
0 .6 4 2
0 .6 4 1
0 . 6 6 6
0 .6 4 7
4 9 J
4 8 3
4 4 3
4 4 .4
4 6 .846.8
6 1 .651.5 
8 3 .8
9 0 .6
6 1 .7  
8 6 . 2
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A D aoB m oN  o r  c H s e io n i m >  ih d s h m k  e t  z .k .s s s -h  
i n  c h h o h c  iw a tB A S X  a a s m m s a  o c  40° c .
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1SOLUTIONS
►----------------
HS3U!
[ * A ] C a p a c ity
j
th is *  a d a o x M
r "  1 ------------
C a p a c ity  accoun ted
PH. is p a r e q u iv . o f  re e ls fie r  *  %
[< * s * s ] ■Mbf! /a n
% C r *o 4 A * » *
A fte r  10-*14 dOQTS <*N C taot w ith  te e s e a ls :*
1 1 6 .4 1 .5 4 3 .3 0 0 .3 6 8 0 .1 5 7 79 96
5 3 .6 1 .1 3 3 .5 4 0 .3 8 1 0  0S15 80 8 8
1 0 5 .0 1 - 0 0 3 .5 8 0 .3 8 6 0 .0 3 7 4 78 8 8
IS 3 .6 1 *0 4 5*64 0 .3 7 8 K<«161 79 96
m 3 .3 1 . 1 0 M f i 0 .4 3 0 O J M 71 1 0 1
85 S .6 G .€E 3 .5 8 0 .3 6 7 0 .8 7 5 55 a s
A fte r  3 -4  days c o n ta c t « in i  te a  S M tm -
5 1 1 . 8 1 .3 4 3 .7 0 0 .6 0 7 0 .3 6 9 80 116
7 .5 6 .4 1 . 0 1 3 .7 8 0 .4 8 5 0 .8 6 0 79 105
1 3 .5 3 .7 1 .0 3 3 .8 4 0 .4 9 4 0 .3 4 4 79 114
-    • _ •  .  .amwalag tha following to b# adsoxbad:-
A  *  C rlH F O .) +
B «  0H H gP04 ) 8 4
- together vita free hwaqoactiroBlo tons, jcr(^o)
( I )  B IM U o g re tto r fa r  P a rt i n
(3 1 ) t e l le r  -  e a g fd m s iv a  T re a tis e , V o l. X I ,  1931 P .4 7 9 .
(3 3 ) ( a ih n w i -  L ie b ig s  i n *  1M B  68 149
(3 3 ) T h ra n lrtie rg  -  P ogg* AU U  1846 G8 383
(34) Joseph and Res - J. Cham. ace. W7 Hi 106
(33) Boss, Mite raft Bvras * J* era. GRra. ass. 1988 4688
(36) taaqaelin - Am. Qteu Rgrs. 1998 25 194
(39) .tOra and Terrey • J. Chen. doe. 1990 9813
(98) tenteeftar - Z e lt .  Key at. 1883 7  265
(9 9 ) O u s ts w m  •  o tr a te .  I n .  T td s ra . 1961 63 16?
' ■' ■oooOooo—
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THE KU UUm tW  PHDSHiAIKS
(a )  H la to r tg a
n t l «  a  g n n l  m t w  o f  th a  p re v io u s  po s t t ta a  re g a rd in g  th a  
pfeospbatec to s  t o f t  g to f t  I f  M s i3o r  ( t o ) ,  te s  e a r lie r  w a rt 
re le v w rt to  te s  p rasm r t  s tu d ie s  is  i— u r ia sd  b e lo w .
T to  te r t ia r y  s a lt ,  te s  t o f t  re po r te d I f  s
T m sto r o f  m r k r n ,  te n s  M lllo t  (4 1 ) ila s e rth a il i t  s s  te s  d lh y d ra te , 
M a N f W  (4 8 ) , W itt s te in  ( t o )  m l O n s rfs  m l M u t e  (4 4 ) a s  te s  te t r i -  
H y d ra te , ih n a iiih e ig  (4 5 ) s s  te s  haocahydrate ; t o t e  and M o rtis  ta r s  a ls o  
d s s s r ito d  a  h s p ta h y d ra te  aad ta s m to ta rg  aa  o c ta fc y d ra to . Tbs 
c o m p o s itio n s  o f  te s  to o  h y d ra te s  d s s s r ito d  b y  t o r ia  asd  M a rtin  (4 4 ) sa n s  
based m  a p te s s -d la g rm i s tu d y  a t 6G°C. f t o  p res e n t scale doss n o t lo a d  
to  a d e f in ite  c o n c lu s io n , b a t s c a ld  a p p e a r to  s u p p o rt te s  eactetaaoe o f  t t o
W y  M JiU N IIq O CtOSvTiwOG 3 /  U u w E D  cSKt JsaT V 4fl« m HNN  WXCBRTS o U tv O a  tA fliv
both coRSf'Oundc sbib ‘bRi crocrystoll in© * 9 but in tfeo pfOMSt mrk It sss 
observed teat tes lossr hydrate foxsmd minute Imfnto plates.
*Phpmt\ se co nd a ry  salts to r s  t o f t  fle so rllm T I b y  s o r te rs *
On t t o  b a s is  a t  p ta e s -d lo g re x a  s te d is s  a t  4 0 °C ., t e t e  aad M a rtin  (4 4 ) 
re p o rte d  te s  aodLstaaes o f  2A1203 : 5 % % : MRgO,  te ie h  th e y  s ta te d  h y d ra te d  
fa r th e r  to  g ir o  ia > o 3 :M Eog :a a ^ 0 . f t o  fe w m r c r y s ta llis e s  in  
tr ia n g u la r  p ln te s  i t s  to  c c s firs s d  in  te s  p re s e n t * * to r i
A  th ir d  h y d ra te , aU gO g: apgOgsXSHgO, a u  d e s c rib e d  fay M lllo t  (4 1 ) a r t  fay 
T rav e rs  a r t  M ils .  F e rro a . (4 8 ) .
A t e t f l o . a a a o o rta x y -s rh a u y  s a lt ,  Alg05:iS18(%:4Bg0, abieh
c x y a to llla e a  In  th e  fo ra  o f  f in e  n e e d le s  (d u a rln  aad M a rtin , 4 4 ) w  to te d  
to  th e  a y s t t t ,  t a t  th is  s a lt  does n o t a p p e a r a *  a  s ta b le  s o lid  phase  to  
th e  a y s tte  a t  8B °C .
O nly  one p rim a ry  s a lt  h a s  been d e s c rib e e  p re v io u s ly , v is : -  
jilg O g : S P fpg: G ttjp , aad  th is  to  o o n fira e il to  th e  p re a aa t  w o rk . I t  has 
b a te  re p o rte d  b y  H s a te fe u ills  and ife x g ta te t (4 9 ) , 2 ra v a ra  aad b ile ,  t a n  
(4 6 ) , m n e g n r  (4 6 ) , aad  O u r ta  and  M a rtin  (4 4 ) -  to  te e  ease o f  te e  
la s t  a u th o rs , on  te a  b e ta s  o f  p h o e e -d la g M i s tu d ie s  a t  6 0 °0 . A t 4 0 * 0 ., 
i t  a p p e a rs  to  c r y s ta llis e  aa  la rg e  ro d s  and a t  a f t ) .  -  a o e a rd to g  to  te e  
p v rs a ta  e ta a rv a tL o a s  -  a s  h a iu * im 1  s s n tln a s d  pa ri e ta .
!> If1 5 • Vs '  J V. Y
l& fo r tu a a te ly , G u e rin  end M a rtin  (4 4 ) b a a *  w et puh lln h e fl M e  
o o u g is ts  s o lu b ilit y  lao j& m m  t w  th e ir  w o rk  a t 6 0 °C ., b u t o n ly  g a m  th e  
tr a n s it io n  p o in ts , and so  i t  is  s o t poealb la  to  d m  s a y  p re o ls s  
c o n c lu s io n s  re g a rd in g  s o lu b ilit y  dhnsgss b a tm a n  a f t ,  and 60°Ce
U m  a  s tu d y  o f  c o n d u c tiv ity  and j f i  m a s u N M B ts , B J s r a  and 
M a i (4 8 ) ease to  th e  e c m c ln s lc n  th a t io n s  suoh a s  [M IO 4 ] ;  [a1(H F04 ) ]  *5  
[a K h ^ o 4 ) 8 ] b“  o to *  v w a  fozsnad g g  d la o d iw  ly i ix o ^  p h osp h a te  was added 
to  s o lu tio n s .
M ost o f  to o  o th e r  ” v^ r o n  a b n l i ig  uhoG ohatss h s s  to s s  hassd  o s  
a  s tu d y  o f M s  s o ls  o f  a lu n ln l i  p h osp h a te s In  t h a  s o il,  aad M s  
obso n u tlc n a  node o n  sash  h ig h ly  s n s g ju s  s y s ta n s  s e n  t s  b s a r X it t ls  
r e la t io n  to  M s  p r o s it  s tu d ie s .
- 7 9 -
whmQOOQOOO h■
(»> asBusLSaJSss.
fe e  r a n .  j t r a t  a to m  sh o e s  *  v a ry  l l t t l a  m  t o n *  o f  to w  
a true ta r o a te  a t o t o  of tow utolito jtoajtetoe ate la fa c t  •m x y  l l t d a  
t» r fc  o f s a y  d a a c r lp tia a  has beaa re p o rte d . I t  t t m f i i n  4 m U M  1 
to a d y  tow a to n to lm  p h osp h a te s  o t to  to w  tollcariag to w  a  to s  la
(l) f t  w w t t t .f t a atotor ate trea eg cp3BBga g..lgaa&. 
alwdafcn ate orthCBbogpfcorle to to tow totey of Ito ftwla
pbowphKtes, this toveMte a attey of tow cyst as at 25°C. ate, aa baton*, 
te©  OCIQpCBWBXtS ChOWX! fb T  g S ^ p h te l I^JX ^S S G ttta tiG ll © f thG SyntO® lo w  te e  
oxides (i.e. AlgOs; PgQ^; raft HgO). Ito ttiraira of tee orwprmwlc raw
by tee nra of TiiftiTolTw^ f^cnygt *wt residues” rathnrt as 
to ttito  in Section I.(b).
Ui) To aaewrfato toa tax. of oaROffiag iagMSgt to mtoastai 
m ls M m a  ot a^ C. ter this purpose tee use of ian~rattmm nratra m 
again adoptee and ethmpts rare aa&e to identify tee anionic onaplorg.
A d e s c r ip tio n  of ioftHBawtora re s in s  ra ft te e ir  uses lm  g iv e n  
in  S e c tio n  ! . ( « ) •
i ■1 -oooQ ooo " ■
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( • )  S g a r t o t e t t e
A p p a re ta s : Am in  th e  fe r r ic  ph osp ha te  c y s tm , th e
te s s n o e ta ts  **^1+ fo r  th e  jiiiie e  fl I ii^ n e  s ta d ia s  m ere rrtrrn Mnit 4 1 m e te r* 
b a th e  c s n tm ll e ft e t  25 *  C .U 1°C . b y  tflln a n c /fu m rcn ia y  n c d v ta c s  ra ft *6 e n v ic " 
re la y s . The b a th s  e w e  s t ir r e d  b y  means o r  b ra s s , b e lt-d r iv e n  s t ir r e r s  
and h e a tin g  e ra  p ro v id e d  b y  150 V . e le v e tr ic - lig h t b u lb s .
Xn o rd e r to  a c h ie v e  ra p id  e q u ilib r iu m  in  th e  a m ® le  te h e e  
tlm n is a lw o , a  m e rc u ry -s e a le d  s t ir r e r  m e  em ployed (dee F ig . 8 6 ) • S ix  
o f  ttie im  ra re  h *\A  v e r t ic a lly  in  th e  th e rm o s ta t b a th  s t ir r e d  b y  b e lts  
fro m  a  h o r iz o n ta l d r iv in g - ro d  w h ich  eas s lo w ly  ro ta te d  b y  a  g e a re d  d o ra  
U fiM tS Q m  a le s t r lo  m o to r; th e  g la s s  s t ir r e r s  ra re  jo in e d  to  each  
v e r t ic a l s h a ft ( o f  b ra s s  in  fls a  r a ta l a ls a v e s ) b y  a n a s  o f  a  s h o rt le n g th  
o f  ru b b e r tt ib in g . A fte r  tb s  re q u ire d  p e rio d  o f  e r a t t ir a l ( d a ily )  
s t ir r in g ,  th e  tu b e s  ra s e  tra n s fe re e  to  a n o th e r t h sra o s ta t  and d o s e d  w ith  
g la s s  s to p p e rs , th e ir  necfes b a ting  ju s t  above th e  ra tr a v le v e l .
The g la s s - r a r e  ra n  c le a n e d  b e fo re  u se  b y  th e  p ro d u c ts  o f  te e  
a lo o h o d /n itr ie  ao id  re a c tio n  o r  b y  ch ro m ic  a c id  c le a n in g  m ix tu re  and 
unshed in  d is t il le d  v ia to r.
F re n a ra tio n  o f  g o ln t ic n e :  Am in  a l l  th e  p re s e n t ra s h ,
s o lu tio n s  ra re  p re p a re d  b y  d is s o lv in g  the t e r t ia r y  s a lt  in  p h osp ho r is  a d d  
s o lu tio n s  o f  v a rio u s  s tre n g th s . Ones m ore (se e  S e c tio n s  XX. ( c )  ra f t 
X X X .(c ).) th e  o f fs e t  o f  h e a t m s  n a rke d  in  te a t ^ i n ± i rm » p re p a re d  b y
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d is s o lv in g  M e  s o lid  in  h o t p h o s p h o ric  a c id  f t i l l H  to  c r y s ta llis e  o u t (e m  
such s o lu t io n  in  SH. p h o s p h o ric  a c id  w as s t i l l  d o o r  a f te r  28 r a t e )  end  
so  t iie  r+etbod o f  u s in g  one  t e p s n t m  tte o ig h c ttt was m is  enpLoyed .
The s o lid  m e  added  in m i l l  m o u n ts , w ith  d a lly  s t ir r in g ,  u n t i l  th e  
s o lu tio n  was s u p e rs a tu ra te d  On c o n tin u in g  to  s t i r  M s  e o la tio n , I t  
slowly s ta r te d  to p re c ip ita te  o u t again and M m  M fts  a e m sft to  io  o o n p le te  
the tu b e  was d o s e d  with a g la s s  stopper and tra n s fe re e  te  M e  o th e r  
theocsostat as ln & la a te d  above and left to s e t t le  f o r  te e  o r  th ro e  w eeks. 
S m s tlm s  M s  i n i t i a l  c r y s ta llis a t io n  had to  h s  s ta r te d  b y  s c ra tc h in g  M o  
w a ll o f  M o  ta k e  w ith  a  g la s s  ro d , p ro b a b ly  because th e  e o la tio n s  w ore 
v e ry  v is c o u s .
The tim e  taken te roach equilibrium varied t x m  5 to 8 nods, 
end the m th o d  o f  analysing alternate ta b e s  in  a g tv m  b a tc h  o f  s ix  was 
enpteyed (a llo w in g  tm  woofers be tw een  each set) end a  m o th  s o lu b ilit y
isotherm was once more tehm as a criterion of oqaHibrim (S ee S e c tio n s  
XX.(e) and HI.(c).).
The e x te n t of th e  studies wae again tetemined b y  t ie  strength 
of the o a rw e v c ia lly  atuildile Anulaft eyrujy phosphoric acid, ao  a t l m p i 
being mde to conmitrate i t  fhrttor*
P re p a ra tio n  o f  m te r la le : is  in  th e  ir o n  o f t  obraw & m
p h o sph a te  s y s te m , M s  t o r t ln y  s a lt  was em ployed a s  s ta r t in g  a s t f ld a i.
X t was a  d a z d in g -M ite  p o n d e r, a p p ro o d te a tin g  d o o d y  te  M a  o m p e s ltlm  
iO g0g(:P ^% :4 l% 0  and  w as p re p a red  a s  f d lo m t -  c a u s tic  aoda s o lu tio n  
w as added d ro p riL se  to  a  s o lu tio n  o f  9 0  g n , o f  AmXvM  m m a d m  a im  in  
800  m l. w a te r co n ta in in g  10 d .  o f  fly ra p y  p h o o p h o rle  a c id  u n t i l  a  
p re c ip ita te  w as J u s t v is ib le .  The s o lu tio n  woe th e n  f ilt e r e d  m t
hea ted  o a  •  a teu n  ba th  d m ,  o a in g  to  th a  s - t l t a  s o lu b ilit y  o m O IoH  
o f  a l r t in i r t  te r t ia r y  p h o sp h a te , ta la  aaa  p re c ip ita te d . a f te r  a b o u t a tx  
b o n a  tb a  ja e a o ip lta to  boa—  g m n rta *  a r t  th e  s u p e rn a ta n t lie n o r  w  t b a  
s ip h o ned o f f  a r t  n g k r t  w ith  a  s o lu tio n  o f  •  r t .  o f  p h o a jh c rrle  a c id  ta  
400 r t .  a f  e a ta r  a r t  a g a in  b a a ta t fa *  a ta  bo— .  te a  fa r th e r  in a b w la  
a lt h  a a ta r , fa llo w e d  fay v n r ttn g  v it a  b o illa g  w a te r o a  a  W ftits ia r p a d , 
y ie ld e d  a  d s r t lta g  v h ita  s o lid .  fre e  t a r t  a o d lr t to  ta a  O a a s  to s t .  Sons 
ty p ic a l m w lye aa —  g ta r t  ta  T a b le  1 0 *  ,  tb —  a p p ly in g  to  ta a  a l r t i M  
s o lid  -  o f  s h ir t  a  y ie ld  e f  a p p ro x ta a ta ly  U  r t *  m s  o b ta te r t -  a b o a ta g  i t  
to  b e  ta a  arsfapna r t  A lg O g sP ^sd H g O  o r  A lH ^ .fflg O , fa s t in c o m p le te ly  d r ie d .
M # |  #  t e W M b / l ^ d d d t a r t  f t t a — a < | — A — r t  — i ■ i — -  - ta rt-ta rti PBWwOll OT RUJWlPiaa XT® pnO BJjBBtQ VITO 10 ft" 
exchange ra s ta s  pro v e d ta y c a o tta r tla  a r t  ao la a -a n ta a s g i s a a ta s  vara only 
v s r t  ffa *  tb s  s tu d y  rt sm q & a xo a . A s b e fo re , ta a  resins aaad fe *  this 
p u rp o se  van 2JC.2S8-8 art I.H.A.400-I>04 as th e  eatisn a r t  imlrin aisntainu—  
re s p e c tiv e ly . T h s ir  use id  d e s c rib e d  f u l ly  ta  S e c tio n  XX. ( e ) ,  —  th e
s tru c tu re  —  p ro p e rtie s  r t  s a r t re s in s  is  rtta tm — d ta  a e c tio n  X .(a ) .
<
d O B Jb rtta e l m ethods: A lrtX H X U b v e s  d s ts s a ta e d  g r e v ta s tr ie a lly
w ith  8-fay d ro a jq u tn o l  la s  ( " o r ta s " ) .  Tbs a lr t lr tw n  phospha te  had a ita e *  
baan d is s o lv e d  ta  o r  ta a  s o lu tio n  bad b—  s ta b ilis e d  v ita  p e a r t lo r lo  a c id , 
a r t  In te rfe re n c e  o f  phospha te  v it a  the a n a ly s is  —  a vo id e d  a s  frill n a s i 
ta a  s a ta tta n  —  aada  o lta lla s  v it a  s o d ir t  h y d ro x id e  s o lu tio n  (a dde d  u n t i l  
ta a  p c a c lp ita te  th a t f — r t  J u s t re d ls s o lv e d ) a r t  8  r t .  r t  " o r ta s "  s o lu tio n  
(a  8 #  s o lu tio n  ta  a c e tic  s o ld ) added tb  ta b  h o t s o lu tio n . — ta b  
a c e ta te  s o lu tio n  va s  t a r t  added to  ta a  b o ilin g  s o lu tio n  u n t i l  p re c ly tta tU a i
*  A l l  ta b u la r  re s u lts  a re  g iv e n  in  a e c tio n  X T .(g ).
m a  o c n p le te . A fte r  s ta n d in g  fo r  tw o  t o g a ,  te a  s o lu tio n  m a  f ilt e r e d  
th ro n g b  o  s tn te ra d -g la a a  c ru c ib le , « u M  w ith  c o ld  w a te r, and w o lfe d  
a f te r  d ry in g  a t  U 8 °C . A f te r  each  a n a ly s is , to w  p re c ip ita te  was 
d is s o lv e d  in  s u lp h u r ic  s a id  aad checked fa r  ph osp h a te  re te n tio n , u s in g  
&s?sQ£iivn n o i y b d a t o  •
H B O B O I aaa v o lg b a d  aa  ya U o w  m a lt o  phoap taaeo lybda ta  a f te r  
d ry in g  a t  2 lB °C .; n l « W  and p a ra h lo ra te  d id  a n t in te r fe r e .
tw a n w  w as d e te n ln a d  b y w n lp fttn g  s ilv e r  c h lo r id e  d r ie d  a t
U B °C .
to w  n o ls t  a o lld a  so n s  s e p a ra te d  fro n  to w  w to t r - U to m  a s  In  
to w  a to d y  o t  to w  f e r r ic  phospha te  system  (S e c tio n  X Z .( c ) .) ,  to d  
p e rc h lo r ic  a e ld  m m  ased  to  d ie o o lv e  te a  s o lid s  and  to  s ta b ilis e  to w  
s o l i t i o m *
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(« )  H e a r ts  a t  t o t  g m m  d tta rw n  8 W to «  a t  g j°C .
B »  a lx td J tlm  p h osp h a te  n y a taa a t V tP v . h as h o ts  s tu d ie d  fo r  a  
ra n g e  o f s o a s tlo a s  c o n ta in in g  u p  to  60$ o f p h o s p h o ric  o x id e  end th e  
fo llo w in g  s ta te s  s o lid  phases Id e n tif ie d  (T a b le  8 0 ; M g s . 88  and 2 7 ) :-
A . A lgO g-.PgC ^TH gO , a t  a  w h ite , to e ro o ry s ta U la e  p ow de r.
B . A lgO giPgO g.-dH gO , a t  w h lt t ,  to a s ts , h s iM g n to l p la te s .
8 .  I t t ^ O g t V ^ t U ^ ) ,  a t  a t o ll,  t o t * ,  tr ta n g d a r  pla te w .
B . A lgQ gtB P ^O gidB ^D , a t  h tw g w i l  ■■r r t lr r e ft p r la a s .
The tw o  te r t ia r y  s a lts  ca n n o t fee a c c u ra te ly  f w i la t t d  b y  a s tu d y  
te  to ts  t ie - lin e s ,  h a t ta k e n  la  e a n ja n ttlm  w ith  th e  w o rk  o f  G u e rin  and 
B e r t in  (A t)  a t 8 0 °C ., th e  to o a ila t  AlgOgtFgOgS 7H^0 a nd  A lg O ^P g Q ^to g O  
w are  d e c id e d  o n . The lo w e r h y d ra te  w as fo u n d  to  c r y s ta llis e  in  th e  C on* 
v t to a s ts , haawg nnal  p la te s , w hereas H asten  and  M a rtin  d ts a rtb a *  th a n  b o th  
a s  'to e ro e ry s ta lllB B "  ( in  to o  iy irH n  to  6 0 ° C .).
The se m w rts iy  s a lt ,  2 d ls0 3 :3P g0 g :K a y ) , is  fo u n d , la  u n i t  
w ith  O u s ria  and M a r tin  ( t o ) ,  to  c r y s ta llis e  in  th e  foam  o f  a a a ll tr ia n g a la r  
p la te s  w ith  b e v e lle d  e d ge s.
The p r in o ry  s a lt  u n r w M lli i i  a s  h sn agni iH l p rls n e  th a t v a rie d  in  
le n g th . I t  h a s  th e  f t s n ia  A ljG 3i  SPgOg: ® g O , and Is  th e  o n ly  p rim a ry  
s a lt  pre v io u s ly  d e s c rib e d .
d \0
_________________________
A M Q ar*agraas& e j^ g a ra is a a a ta * So* t&oa© o a ^ o r in m ts ,  1 .0 0 0  p u  
p e rtU n s  o f  I d J L I E M l^  x is ta  r a t  addad to  a  a a rta *  o f  m ln l l r a  a a d * 
r a  tv r a  th *  I t f l k q r  s a lt ,  jto o ssto o a rl* s o ld  sad  ra te e , r a ta *  te a  pacwrSoaaly 
to te m tn a d  a a to b t lt ty  la o tte m  a s  a  r a id *  ( to  y a tra h  te a  a sa  o f  aapar -  
a a to s a te d  a o lu tio a a ) . d a  ra a ln  ra a  lo f t  la  o o o ta e t w ith  te a  a o la tlo p  
(w ith  d a lly  s h a k in g ) f r a  a b o u t a  fr a ta ig fc t. A s a lra y s  ta  t t o  p a s s ra t 
r a t *  t t o  c a p a c ity  o f  oach b a tc h  o f  rs s ln  a a s  d s ta m io o d  a f te r  uaa Ifis a  
O s fitlo a  X X .( • ) . ) .
th *  r e s u lts  M r  th e  e l— t e l l  jfc o s p te te  s o lw tt— r  a xe  d —  te  
ta b le  a ,  M g s .S 8 (e ) t  ( k ) .  A i l— i i  ee—  — Be te  aeoow nt t a g  th e  
a te— a  c a p a c ity  o f  th e  m b  b y  e s * a rt—  th a t  m y  a *  e t  — e l l ik e ly  
a n e jl— i  eee  a d so rb e d , tn y s th —  e t th  tre e  phos p h a te . th e  r e s u lts  t o r  
p m e  p h o c p h a rlo  s o la  s a la t Io n s  a t  a ^ D . a m  g iv e n  ta  T a b le  5 , H g J K K t) , 
a ad  th e  — th e  a e t  e a le n la tS o *  —p lo y e d  le  o o tU a s d  ta  S e s tt—  X X .(e ) ( M M
Because a f  — s lo *  a d s o rp tio n  o t  e l— le t —  tp  th e  e x e h a a y s r, th e  
t t t o f B  o a a a o t to a d  to  a  d a f la lto  o o a d u d a i aa  t o  t t o  
ada rabsd  (T a b le  n ) ,  t o t  t t o  s t y l i i  |dd.(*S © 4 ) sJ 5 "  la  a s ra d d ra a i t t o  a s a t 
lifc a ly  a a  t t o  h d to ia g  g x o tta d a :*
( i )  !3 w  ito d it a to  a d so rbe d  la  h lg to a  t to a  th a t ad s o r t ad f t o  
p ra e  p h o s p h o ric  a c id  s o lu tio n s  (T h b le  8 1 ; f ig s *  8 3 (b ) *  ( o ) * ) .  Q d «
ra g g is to  th a t te a  tm m [ r a t o f *  « *  [a i(P 0 4 >e]» ”  a m  m t  ta m lm d ,
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Van a f ion o f  {he Ratio ^ 5 j /  [ n i 2u 3
wrih R O 5 content ^Stable Solutions)
ftinvt they """U Lmd to t  lower rhoophata adsorption (tens tnrli P04 tm  
[aKTO^ Jj"]6" takes up 4/3 * 2 (rttuOnta a t  wall per ra1. rad la
[ a e a d jj* ' v . — ( ■ » « * ■ * m m r n m m m m « •  —  j
3/2 equivalents v»aol. fin  pox* phosphoric acid ooluttara - table S.).
(II) She lerast valns of the ratio phosphoric oxide to ratal oxide 
taut ta attataed la atarat raettr 3 (Table 80; fig.27.). Tble impure 
la tte ferric phosphate ajrstra raw* tt* complex la a trljtMimtintn nra. but 
ta* ratio baa u uftutaw ralra of 2 la tte grara eterafte phosphate gate 
4D°C. taw  tte ooupbra la a diphospbato-oae (table Id; Vis. 21.).
(III) Tte adsorption of inlratelra fUUom tte era* g—ial pattara 
aa the adsorption of iroa la the ferric pboopteta systra (onqpara Tic*. 1 3 (a )
22(a).).
O a tto r-O ta h a a ra  o ra o o ta ra to ; s ta b le  e o la tio n s  ra re  ra d *  * p  aa  
abaca aad  0 .2 2 0  m . portieaa o f  ZJC.229-H added te  e a ch . Tte a d w c y tlc a  
o f  a tr a la tr a  b y  t t e  in m tn io w r r a  f a i r ly  h ig h , r a t  t a l l  s it e  t a l l  a f  j f i  
(T a b le  2 2 ; f ig s .  22(b) t  ( • ) • ) ■  ta o y  l i t t l e  p te o g te te  aaa  adeeubod •  
taeoffleirat to  raible th e  a a ta x o  o f  tte ra$ra« a d oo o te d  to  b o  
nao ra tu te e d  by t t e  ra a la -o a y a o lty  a o ta o d  (T a b le  82; T ig . 2 9 ( a ) .) .  Bate 
r a ly  tte p m u m m  o f  r a a ll ra ra w tta  o f  o u tb w la  t a j j |  u ra  in d ic a te d .
w oOoo s
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(fl) Adsorption o f Aluminium from  Alum inium  Phosphate Ootut/ons by IR .A .A O O  PQ^
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(b) A dsorption o f Phosphate from  Alum inium  Phosphate Sotns. by I R A . AO O  PO^
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A dsorption o f Phosphate fro m  Phosphoric A c id  SoJns. by 7 a !A . 4 0 0
Katuare o f oolu'tiQna: Tta losr-sattasgs studies of mtioalft
conplere* (Table S; Jig. 99.) inanity laUttte tow prasenea of suoh 
eaaplsoss vim Jmmus lm 6s fhosjphorio oontant of m§ aolutiono,
SSd SS mmmmf Sdaorptloa Sf nlwtntf |o  ^ft J© Of
to w  t o n  w g i i t o l  for to w  A l3*  le w  ( i . e .  1 /1  Ml. p a r e g r tv a le n t of rests) 
wto Mia ndfe fe* pH.
SBta a S sacp tloB . o f  e la s t s l*  s a  I s  t t a  u n io n - a x c h  j + u f  I s  lio v  
ra ft a in l a t l s i  o f  m §  c a p a e ity  s f  te a  r s s ta  ta  ta n s  s f  n r lo u t  p o s s ib le  
ftS lT T lr o o q d e z M  Rose sob  t a p  6 0  id s e tt lfy  t t a  ra t a ls  s f  th o s e  com plexes
(Table m  ng. as).
A  c o n p tirl:3 o a  o f  A*** results o f  th e  o xp o riiu o n tu
w ith  to w M  o b ta in e d  w ith  tta fa m e  p h osp h a te  festaw, h am mm , la n d s  to  tow 
p o s ta la tla n  o f  to w  [ a M H F O *)^ ]3 -  io n . to w  e e ls  g ro u n d s  f a r  th is  h n a
(&) tow sdsmytlfw of jdwepbeto Is consistently Move feat t a r  
pan phosphoric eeld solutions (flcapaa Jigs. 89(b) ft (a).), feamnw tow
- — H a m it  - 1— f e T
o r  a  s t e lla r  v e in s  re s p e c tiv e ly , s to w s  to t th e  f r e e r  se a s a a t t  S04  — »  
take f e  g  a q p to ve la n ts  o f  r e s in  p a r m l .  and  to tow la t t e r  e a se , 8 /2  of r e  
e q u iv a le n t p a r ml., a s  lo n g a re l w ith  %f% e y a lv e lm ta  o f  r e s ts  p a r m l.  to  
fe e  a m  s f  p u re  p h o s p h o ric  a d d  atenttom. ( M t ta  8 .)
F I G . 2 9 .
(a ) Adsorption o f Phosphate from Aluminium Phosphate So/m. hy Z X 2 2 5  H
O f r
z >
X 5 a rr°
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(b) Adsorption o f Aluminium frop? Alum inium  Phosphate Solutions h  2 . K . 2 2 5 -P
°Ar-
c
<tou-3
(cj pH  c f  /lum io /um  Phosphate Solutions
(1 1 ) T te  l e w !  « 1 m  a t  t t e  r a t io  o f  p h o s p h o ric  o x id e  to  a o ta l 
o x id e  lo  o ta o s t e x a c tly  3  ( ta b le  8 0 ; t ig .  8 9 ) aad  th is  lo  a ls o  fo u n d  ta  
t t e  ta c r le  p h osp h a te  g i f  t a n  t t e  « g t e  I s  s  t r ip hospha te  bo s  ( F ig .* )  
T te  O n to lo  p h o sp h a te  ay e t ea e t  4 Q *C ., o n  t t e  o t te r  h a n d , I s  p ro b a b ly  
eoagooad a t  a  d lp h n a g h n tn  a h ro a to  n t e  ( t e t l a i  X X X .(h ) .) , aad ta  ta la  
g i f  t t e  o x id e  r a t io  m o te s  a  a ta ta m  s f  2  ( t ig .  2 1 ) . ta n  aoa> 
eeagAaa t h m r t in  ty o tea  a t  oP o . g lo s s  t t e  ta la s  sxp a a ta d  o f  s  f a i r ly  aaak 
b a s a /ra d e ra ta ly  a ta o a g  a s ld  a y a ta a  ta  th a t  t t e  a ta ta a e  o a ta a  o f  t h is  a s tlo  
is  f a i r ly  h ig h , n a b ,  o s a r 4  ( T ig . 3 8  -  a l l  t t e  flg o a a s  ra g rs a o n tia g  
M s  firm  jn  m t M s  z & tlo  w lM  jis s jS w lB  s * t4 s  c o n te n t m t M s  a o lv t tA
a a s  p lo tte d  to  t t e  s a ra  m a le  ta  e a te r  to  f ia s illt e to  n g a t a h ) .
( i l l )  A  aaro gnanl saayarlaoa o f  t t e  ro o a lto  o f  t t e  fa m e  
and alralataa ph osp h a te  gchn h as g re a t staUarity ta  th e  aay ta h th  
t t e  aatal lea la adeaated oa ta tte natna antaiagw ( t tg e .  18(a) eat 28(a).
—  ** •"  B O A  m u m *idea o f  the a a ta ra  o f  t t e
a o lld  jte a a o  e s ls tta g  ta  t t e  g ra tae  oaa  te  p o t ta ovu rd  o a  t t e  te o d s  a f  t t e  
above ra s a lte , eareapt th a t t t e  y r ta a ry  a l t  c o u ld  c a ll  te  t t e  "a s h y d ro a s " 
H g f d K H K ^ ) ^ .
M S  IW g n tlT t > 1 1 4 1 1 1  w ia f f th t i t a t  iiu m I  1y  ObtfcllSSd ft)T  M S
tei-tiaiy s a lts  w as coo fS zasd  by x+uming; s  s s s is s  m t L x iltitia n a , fftrtlf at 
2 8 *0 . «ad  e n s ta la la g  o p  to  28$ e f  phoap hoel o  o x id e , to  d cA o . v te a  th e y  
te a t c lo u d y  aad p ro e lp ita to d  a S h ite  s o lid ,  t t e  h d e  re v e t Hag te  a  
c le a r  s o lu tio n  e a  s te a d in g  a t  w w  tewg e ia tn re . ta in  ooaea to
th e  v is a s  e f  g a ta e a  aad  ta r re y  (4 9 ) th a t ta fto  is  a  o n a a a  f oa ta ra  w ith  th e  
p h o sp h a te s c r y s ta lli s i ng  ta o a  t t e  a o ra  d ila te  s o lu tio n s  ta  p h osp h a te
TABLB 19
w » y «y*i. O f S B  I W U B  m — n  tm a n t
ASimiQAL BX3QLS9
z ZZ ZZZ B *
* % % %
AlgOS 98.80 m j & 88*29 98*88
4M» 44*78 44.88 44*84
88*80 88*87 88.85 t 28*891
*  f e d  B •  A lyO stF gO gttagO
j a  28 ° C .
SOXJLfPIOKS moist acmes
* * Ml. 6* “ ^8 *
1*069 0.0781 8*66 1.0 19*80 30*683*016 0*8806 7*48 1*0 « •u n 0*858 6.28 1*0 17*19 30*486*111 1*186 8*38 m 88.78 39.7711*29 1*886 4*06 1*01 80*01 30*88 > A24*86 8*880 8.75 1.06 89*08 13*0615*14 3.886 9*86 « 87*87 18*8616*48 5.809 9*30 - 86*08 88*85 >
37*88 4*061 9*17 1*98 24.81 18*88
m jB L 4*880 9*40 1*90 88*90 17*8783*18 4*538 3*60 «* 36*88 81*80 ► B87*38 5*380 9.90 - 88*94 8*8888*89 5*988 9*76 1.4L 90*88 84*00
10*88 5*875 4*38 1*88 48*91 39*08 *>86*88 4*858 007 — 88*07 6*8790*48 4*880 8*60 ** 48*00 39*3540*89 9*861 6*68 «* 4809 80*7646*18 8*808 8*66 - 48*90 39*0447.67 6*178 5.84 ** 08*89 80148*80 6*885 8*80 1*85 58.34 88*5648*86 6*8*1 8*81 • 51*88 17*531 >
81 *86 7*300 5*85 1*88 51*43 13*01 *\55*77 5*866 6*80 ** am *»54*84 5*598 7.00 <* 80*07 30*85 ► D57*21 4*697 0*86 1.68 88*88 6*6458*39 4*886 0*68 . • 65*01 30*87
J
e » iw a n ^ M a g o
b  «  A l ^ S ^ t t j j O
fftJB X  21 
, rnmSSSSSmrnmSSm
ABSQSHEItiS W ATi w m n im  jgp SX I.RJL.400-K),,
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[ * v » ]
C a p a c ity  * ^8
ta
o o q ./g a .
'
S o la *  a fta o a ta d  
p a r e q ts iv * o f  l u l l
C a p a c ity  a o o o w ta d  
T a r *  %
i l ta 4 A * 8 * c * * #
8
6
1 0
ta
fc—-  ■
m m
m m
4 .8 1
3 .4 2
2 .4 8
2 *4 8
2*48
2 *4 8
(0 .0 0 8 )
0 .3 1 2
4 * M
0 *0 6 0
0 .6 6 0
0 *69 2
0 .8 7 6
0 *8 8 9
1 0 1
2 M
108
116
1 0 0
1A 1
2 0 0
1 0 0
2 0 1
103
106
106
99
98
99 
«
^  A aauo log  t b t  f o i io t t g  to  ta  a d s o rb e d :-
A *  [A1(K>4 ) 3 ] * "
•  «  [A ltH W ^ a ]3-
c -  [m(K»4),]s"
D « (a1(HP04)2]“
together with HgKi” and HPof” ta tba proportions Indian tad ta Ml* B.
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assospsics of w a x x m m  m >  m m a m d s*  m  suuaaMi
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t» aeq./p.
MoJjb.  adsorbed
mt •cndf. ef xwOi
Al
8 8*88 1 .4 8 3 .6 6 0 .3 8 .8 in
6 6 .8 0 1 .3 0 3 .7 4 0 .3 0 1 Traoa10 4 .5 1 1 .1 8 3 .7 8 0 0 7 6 m80 3 .4 8 1.01 3 .7 8 0 . 8 8 8 0 .0 1 8
—0> ) r  t o r  B a r i X f
(4 0 ) h U w  -  C orap inba oa irp  T re a tis e , V o l. T, 1924 P .362
(4 1 ) H il lo t  -  C c a p t. B ra d . 1896 8 *  89
(4 8 ) B rle m a y e r -  L io b ig s  to rn . 1878 Jg 4  1 *6
(4 5 ) w it ta ta te  -  P o e s . to n .  18B6 97 168
(4 4 ) flra r lm  aad M a rtin  .  C a a p t. H and. 1958 234 1999
(4 5 ) B n raal.ir tiw a  -  H o n . r a ,  1840 64  8 5 1 , 495
(4 5 ) t ta a aaa and  O la .  t e r n  -  to n . O ta . 1885  898
(4 9 ) B a u to fo o ille  and  ta a w o tt a t  -  O a a p t. B and. 1888 IOC 136
(4 8 ) B ja n ra a  a a d  B a la  -  Z . ffc y s d k . Cham. Bodaa a te fa  F a s ffia n d  1931 589
(4 8 ) Salm on aad Taattay  -  J .  C han. 3 o o . 1900 8818
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(a )  to o  B s la tj-ra  a o lu b illt je a  o f  t t e  Pho sp h a te s
A  p o in t M a t rn m rgea  c le a r ly  f r a *  a  s tu d y  o f  M e  p h w  ( lin e n s  
fo r  M e  fo u r  a ya te n o  s tu d ie d  ( v ia :  Fo,>03: -^A ^H g O  a t 3 ° C . j
C r^O g:ftrO §:H gO  a t  0°C. and a t  40°0.; a»4 a t flft.) Ae M i
v a ry  Low s o lu b ilit y  o f  M i M i l  phospha tes in  d ilu te  s o lu tio n s  ae  
s n p B ii l  w ith  M o  o th e rs . T h is  is  h i t  seen b y  s s m S a a tlo B  o f  M s  
c u rv e s  o b ta in e d  w hsa M s  s a t is  o f  p h o s p h o ric  o x id e  to  n a ta l o x td s  is  
p lo tte d  a g a in s t th e  p h o s p h o ric  g r id s  c o n te n t o f  th e  s o lu tio n s  (U m *  9 , IB , 
E l and S V .) -  M s  r a t io  b e in g  h ig h  w hoa M s  s o lu b ilit y  is  lo w . Those 
w i s h  have e l l  been p lo tte d  t e  M s  ones s c a le  in  o rd e r te  f a o lllt e t e  M is  
comparison •
A lth o u g h  th *  t a d t d e a  in v o lv e d  ta  th a  q u a lita tiv e  a n a ly s is  
wntama a w  r t M y  t l f t a v t  t a n  th o s e  e x is t ta g  ta  th e  system s s tu d ie d  ta  
th *  p re s e n t « o ik , i t  ta  p o s s ib le  to  see  ta g  th e  a ss  o f  a  fa r r io  s a lt  ta  
p h o sp h a te  s e p a ra tio n  p ro o a ta ra s  (e .g . ta  t a  "b a s ic  a c e ta te " m e thod) ta  so  
s u e a e a s fu l, heeanse e f  t a  ta w  s o l a b il i t y  o f  fa r r le  te r t ia r y  iiln in jt i i l  u
r a t a t  p o in t ta  w h ta h  th e  fe r r ic  p h osp h a te  a y s ta s  d if fe r s  fr o a  
th e  o tb s r  ts ra a ta n t s y s ta s s  s tu d ie d , is  t a  t a  Sew s o lu b ility  o f  th e  
p rim a ry  p h o sp h a te , v ,h lo h  even s it r a iu  to  tb *  m ore d iln t *  re g io n s  o f  t t e  
d ia g ra m  tta s a  i t  e x is ts  a s  a  n e ta s ta h l a  s ta g s  ta  t t e  a tta lr a s a t o f  
a tju ilib r lU B  ( ta  th is  sys te m , d ilu t io n  o f  a  m ore s o n e e a tra ta d  s o lu tio n  
sanaes t a  i n i t i a l  p r e c ip ita tio n  o f  tb s  p rim a ry  s a lt  b e fo re  h y d ro ly s is  a t  
t t e  trip h o s p h a te -io m  o c c u rs  to  g iv a , f in a lly ,  t t e  s ta b le  te r t ia r y  s a lt ) .
t t o  am ount o f p h o s p h o ric  a c id  re q u ire d  to  s ta b ilis e  t t o  w to U Q—  
a t  te a  p o in t o f  a n xtn a g i s o lu b ilit y  ( i . e .  m tn tm m  p h o s p h o ric  o x id e  to  n a ta l 
ox id e r a t io )  sense to  p z v rid e  a n  in d ic a tio n  o f  te n  ty p e  o f  oocqplaac to ra n d . 
te n a  tee wItiIw in  te n  r a t io  c u rv e s  (F ig s . t ,  18, 81, a a t 87.) sense to  
b e a r a  d e f in ite  re la tio n s h ip  to  te e  ty p e  o f  o o n p lc s  p re s en t  in  s ta b le  
s o lu t io n s in  te a t i t  re a e to n  a  n ln iw w  "va lue  o f  ja a i above th re e  to r  t t o  
f e r r ic  a a t a la H ita ia n  p h o s p to te  q y s ta n s , te a rs  th e  o o np le B  in  a  trip h o s p h a te  
o n e , aad J u s t above te e  to r  te n  c h ro n ic  system  a t 4 0 °C ., te n re  te e  s o a p in g  
a p pe a rs  to  to  a  d lp fa o n p to to -fin n . In  ay  stem s te a s e  ocaqplex fo m a tio n  in  
a o t s u sp e c te d , c n  te n  o th e r  to a d , (e » g . t t o  (p to x d n ) c h ro n ic  ph osp ha te  
egrnten to  © °C ., and te n  sdan aad aaagBaoee system s -  Salm on end  fe r n y ,  8 0 } 
th in  is  o f  tee o a te n  te a t to  e xp e c te d  o n  te n  ff o f  te n
r e la t iv e  s tre n g th s  o f  b o te  t t o  banen concern ed  aad  te n  p h o s p h o ric  a c id .
I t  is  > is t  above 4  to r  te e  e to o to n  nye ta a , t e a l  4  t o r  te e  s in e  sys te m , 
a ad  8  to r  te a  anng anenn  eye te w ,  th u s  te o vd a g  te a t a  iw ita  In  am ount o f  t o e  
p h o s p h o ric  s o ld  la  needed to  p ro v e a t te n  h y d ro ly s is  o f  ^ 0 r (K ^ )6j ( B ^ t ^ 3  ,  
,  sad  to (H ^ 0 4 )2 re s p e c tiv e ly .
I h l  T h e  M f e t  o f  ~
tta  oonsldaxlng tow afreet of « nhnrtga of tfen tu e  on tow 
phosphate yet—, it is nrawrelul to consider each aystre to te divided 
into too parte, vis; tow am dilute solutions (town tow *—*«—y 
phosphate is the stable phase) red the m a te ocnoretratad solutions.
to w  la t t e r  s o lu tio n s  d m  tow u s u a l a o lu b lllty / t« ip e r a tu re  
re la tio n s h ip  le  th a t r e  iB o re a s e  of ts n p e ra tu re  cau ses re Ibssooss 1b 
s o lu b ilit y .  PO r th e  fa a r lc  p hospha te  a y s ts n , th o  ls o th s x n s  t a t  S 5 °0 .,
f o r  tO °C ., and f o r  h a w  h o w  given In  F ig . 1 0 ; tow  n o e n lts  o f  to w
a la W a ire  a y s tre  o t  2S flB . (T a b le  SO; F ig s . SS aad 8 7 .) W an  w p u r s l v lt h  
th o s e  e t  6 0 ^0 . ( O a tto  aad to a r tla , g l)  a ls o  I llu s t r a te  to d s . Tho 
r e s u lts  o f  th o  e h m a ire  a y s tre  o t 0 ° 0 . aad «0 °C . a re  d if f ic u lt  to  e re pa sn  
a b s o lu te ly , s ta re  to w  y s ta i a a a g m  a  o a y d o to  ahsags ( fr e e  p u rp le  to  
g row n) e t  sane ln te n s o d la te  te m p e ra tu re .
The d ilu te  s o lu tio n s , o n  to w  o th e r h a n d , e x h ib it o  n e g a tiv e  
s o lub i l i t y  e o e ffie ie n t -  i . e .  r e  in e re e s e  le  tia ip a m tu io  o re s s s  o  ilo r io u ia  
In  s o lu b ilit y  - and th is  is  s h o re  c le a r ly  ta r  th o  fa e r ie  phosph a te  a y s tre  
a t  28°C.,  4 0 °C ., aad  T cP c. in  Mg. 1 0 . X t res n n w fixa sd  in  to w  
e la n la i*  y s t r e  s in c e  W a n  e  s e r ie s  o f  s o lu tio n s  s ta b le  e t  2 8 °C . re d  
c o a ta la la g  up  to  2 9 * o f  p h o s p h o ric  o x id e  u s e s  h e a te d  to  4q P q th e y  b e e re o  
d o e d y  and p re c ip ita te d  e  v fc ito  s o lid ,  re tu rn in g  to  c le a r  s o lu tio n s  r e  
b e in g  u llm o d  to  o te n d  e t  8S°G . a g a in . w u  g r oan  c h ro n ic  phosph a te  
system  e t  40 8 . a ls o  s h a re  e  lo r e  sol u b il i t y  th a n  th e  c y s te a  e t  0  C .
(o o o p a re  F ig s . 18  and 8 1 .) oven  th o u g h  te a  tw o  system s a re  d if fe r e n t  la  
c h a ra c te r. te la  n e g a tiv e  s o lu b ilit y  c o e ff ic ie n t ra y  r a i l  bo  re la te d  to  
te e  d e cre a se  la  te e  degree o f  io n is a tio n  o f  p h o s p h o ric  a c id  w ith  in c re a s e  
o f  I o n e  in  lu re , a e  ra n  su g g e ste d  b y  T f f ly y  end T O n e y  (8 0 )
A n o th e r a ffe c t o f  h a s t, p a r t ic u la r ly  in  te e  none concent r a t ed 
s o lu tio n * , is  p ro b a b ly  re la te d  to  te e  p o ly m e ris a tio n  e f  
a d d  a t e le v a te d  te m p e ra tu re s  to  g iv e  jy r o -  and  p d jM p h o s p b o rie  a d d a . 
In d e e d , one In s ta n c e  th a t s o n flra e  a b a lie f  hnn  been n o te d  ia  te a  
p re s e n t n o te , te a t is ,  te n  s e p a ra tio n  o f  a  f e r r ic  t s t r apb o s p h a ts ,  F e ^ d P lB *
400— r k i f  i n  «■ r . —  A ir —  n  A  — 8  r t — — f c dkdl  . -am ^  n  "f c. —— ^  ^  J  M V S I S  —  V i S U  %new conco2iX3xi. w6Ki ooJiutixoiiD uvst nave aeon ovsr Hustai 18* / •
S tro n g  h e a tin g  o f  s o lu tio n s  o f  o h n o n ls  and  w i " ^ 1111 t to ^ te te a
la a d a  to  f l l i i U r  h ig i- v ls o o a lty  s o lu tio n s  th a t show a  g rea t re lu c ta n c e  to  
a lth o u g h , a c c o rd in g  to  te s  p lum s i l ln c n i.  th e y  a rs  
d u p o rs Q tu rs ts d »
I t  is  no te a cr t t y  te a t te s  Id e n t if ic a t io n  o f  te e  f e r r ic  s a lt  
ra n te a n s d  above a s  a  te tra p h o a p h a te  ra s  o n ly  p o s s ib le  s in c e  i t  ra e  a a  
aafaydrons s a lt .  Z f te a  onw pnuai had been h y d ra te d , te e  p o s s ib ility  o f  
i t  b e in g  a  tre e  o rth o p h o s p h a te  d t h ,  p e rh a p s , ph o sp h o ri c  a c id  o f  
c r y s ta llis a t io n ,  w ou ld  have bad to  be  ta k e n  in to  aoooaa t .  t e n  te e  
s a lt  % |ib (H } 4 ) | ] 9 d e s c rib e d  b y  B a lls r  (5 2 ) in  te e  y s t e i a t 4 0 ° 0 ., e n d ! 
r a i l  be an  a d d  te tra p h o s p h a te , F a B ^ j^ O ^ j.a H g O  ( o r  Fe(H gK )4 ) 3 *% K>4 . ) •
S e v e ra l o th e r ph osp h a te s have  been is o la te d  end a s c rib e d  
p h o s p h o ric  a c id  o f  o x y a ta llls a t ic n , end te e  p o s s ib ility  m u s t now  be  
c o n s id e re d  te s t  s in e s  t in y  a l l  a p p e a r to  sane fro m  s o lu tio n s  d ia lle r  to  
th o s e  t r cn  w h ic h  f e r r ic  te tre p b o e p h a ts  c r y s ta lliz e s , th e y  to o  ra y  w a ll be 
s a lts  o f  p d y p h o s p b o rle  a c id s . th u s  S ahara  sa d  fe r n y  ( 5 0 ) ,  have
re p o rte d  too such s a lts  In  Z M H g T O ^ g .a i^ ra , and *n (K g K )4 ) E J% P0 4 ,  ra d  
t in  p o s s ib ility  t f t  th o s e  a m  Z rt^ jfy o fy j.a H g O  end fc H g jP g Q ^ .fflg O  
l espuc t l r s ly ,  c a n n o t ba  Ig n o re d  ( th e  la t t e r  b e in g  a tr ip h o s p h a te ).
0 0 0 O0 0 0
H jp g E b ato -g rtn g ig  ag  U g an d a
The presret studies «U point toward a fee feet feat fee r*«~T— - 
group la bldeatRte, ores la fee fully-ionised state, sad fee fbUoatag 
complex Ions hove fees* Identified:-
(Asm ls etedMoe feat fee ferric pfcospbato-erepUx Usted above 
le only produced re fee eetoa wmbeeoBr, fee pradretaent ire ta sotatlre
ta  fe e  o ta s re lre  jfco sp ta a to  system  e t  0 ° C ., th e re  to  r e  la d lc e td re  
feat a re o d a a te te  p b o sp b a to -g rco p s  nay v e il bo fe m e d  ta fee s o n  
e o n re a tra ted  s o lu tio n s  -  w here fe e  c o n c e n tra tio n  o f  HgKJ4  * —  le  U ,  -  
e ta c e  ouch s o lu tio n s , a lth o u g h  th e y  h i r e  a re im ld  q o ia i ta  c o lo u r r e  
s tre d ta g , o fte n  r e a d ily  re v e r t to  th e ir  o r ig in a l p u rp le  c o lo u r r e  d ila t io n .  
T h is  n a y  be  due to  fe e  fe r e a t lr e  o f  [er(%0)s(%ll04)] 84 s ta re  area 
n ia g d e re a in v o lv in g  fe e  b ld a a ta te  f f lo j"  g ro u p  b a re  fe a re d , th e y  a re  n o t 
r e a d ily  ja n re g n s e il ( fe d re ty re d ) .
CrlFO^ g]3” re, more probably, |cr(lo4)2{ayo)2 ®"
fere* is little svldrew, beremr, for fee eztatreee of trl- 
dentate idregtiuto-gwwpa. In the ease of jje^ SO^ gl5" , it ta ruled out 
re aoneldaratlre of fee oo-ordlnatlop Mbar of ire , «*ffe almost
~c f) i* frd n iy  d o m  n o t exceed I  In  Aon* (a  jh m « w tf— o f  an
io n  o c c u p y in g  few e r o o -o rd tn p tlo n  p o s itio n s  M a s  i t s  v a le n c y  w o u ld  Im p ly  
le  fo u a d  Is  M s  eases w here s  fu lly - lo n la e d  s u lg b a to -g ro u p  a c ts  a s  e  
w ntiodaw ta te  g w w y  e s  I s  M e  h ig h  a f f in it y  o f  d a w d s i
fo r  c o -o rd in a tio n  to  w a te r lo a d s  to  M e  p o s tu la tio n  o f  [c r(P 0 4 ) g(HgO) 
a s  M e  s o s t l ik e ly  to m  f o r  M s  d lp h s q p h e to -e h ie n le  Io n  to  to te *
M s  s tre n g th  o f  th e  bond be tween M s  p h o s p h a to -g ro itp e  and M e  
w a rd e n  n e ta ls  mnm+ ^n e w w i t ^  c a p a r is o n s . * iw
e re  s i m i l a r  in  a s  f a r  a s  M e y  b o th  fo s n  tr ld e n ta te  o o a p ls x s s , b e t tb s  
s tre n g th  o f  M e  t>w>/< I s  d if fe r e n t .  M e  trip h s a g p h a to fe g p le  Io n  Is  v e ry  
s ta b le  o a * is  M b  io n  p re c lp ita te d  ( I s  m e ta s ta h L e  p r ta u ry
i
s a lt )  b y  M e  d ilu t io n  o f  s e n  eoneesxtnatsd s o lu tio n s *  M s  a d s o rp tio n  
o f  ir o n  o n  to  e  e a t io r.~  e xch a n g e r is  coelg id o ro b ly  lo w e r M e n  M a t e xp e c te d  
f o r  a  t r iv a le n t  io n  ( v is :  1 /3  a a l«  p e r e q u iv a le n t o f  e x c h a n g e r),  s u g g e s tin g  
th a t M e  o o s e e n tra tA o n  e f  fr e e  f e r r ic  lo s e  In  o o ln tlo n  Is  lo w , M e m o  M e  
a d s o rp tio n  o f  a ls n d s lu n  M e n  phoop hu to  u o lu tio a s  I s  and o f
M e  o rd e r o f  1 /3  nolm  p e r e q u iv a le n t o f  re s in *  s u g g e s tin g  M e t e ith e r  M e
5X.
A l )«*» is  p re s e n t In  h ig h  c a n c c n t* '. t ic n s o r  i t  I s  e a s ily  fu n n e d  fro n  
Ms ey ioau
ChrcmitBft* e>4** le te foen very stable ooaploxas wdM
oxygen-containing ligands, does ao here, but Its affinity far water 
presumably inhibits Ms fometdon of a *** phflwjiifltA.iww|)} *r- the 
species present Is solntdens oontoining up to SS% ef p&oapbox’ic 
appears to he as Me anionic tnqte, end
a s  M e  eaefn iiis  ccmptLax*
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- 1 0 1 -
( I )  C t t a a s t c w  *  F f e p s ic a l  ( t a M q r ,  ta d *  IMI t t o i ,  2 6 4 8 , JP .8D 2 .
( 8 )  t a i t a i  -  I o n  E x c h a n g e , f t a a d r a lo  R m i ,  1 6 4 6
( 8 )  a t t i m m  a a f t  T a m p  *  1 *  Chem * a o o .  2 8 8 0  8 6 1 3
( 4 )  O u r a t tw r -S o h u lr a  -  8 .  X L a e t r e t e r a .  2 6 8 2  f ig  8 9 ,  3 8 9
( 8 )  S n m q .iio t i  -  I r a  1 9 4 6  JJJ  I f
( 8 )  O u a tev a cm  -  J .  & a etr . L e a t h e r  C b a n la t e  Am * 1 9 8 4  J |  4 4 6
f i g d L i l s .
( 7 )  M a llo r  -  O o o M m d i i a  T V e a t la e , P o l*  X IV , 1 6 3 8  8 * 4 6 1 .
( 8 )  E r le n a e y e r  *  A n t e .  1 8 9 8  1 9 4  1 7 8
1 * 1  _  *■ . .. f — » -■-*----- .  — 4 M A1 9 | a a i i a r  — i w m » L n x p isa g  x * » .
( 1 0 )  W e ln la n d  a a d  E n a g r a b a r  -  Z .  A n o r g . (H ir e , 1 H 4  3 4  3 4 0
( I I )  H t t i M a  -  P o « & . a m .  u u  OT IB S
( 1 0 )  C a r t e r  a a d  H u M r a a  -  J .  O t a * . S e e .  I M S  1 3 3  8 2 2 9
( I S )  " " I M S  S B
( 1 4 )  B a t e  -  Z .  A a o r g . C ham . 1 9 8 2  1 2 5  S B
( 1 5 )  O m m t m  a a d  B a l l  -  J .  M r s .  C M * . 1 9 0 7  1 1  3 8 3
( 1 6 )  M a o m  -  J .  Q t m .  a o o .  I M S  2 3 1 5
( 1 7 )  O m e n  -  C h am . B a m s. 1 S 7 5  3 2  8
( I S )  R io o o  a a d  H e d u r l -  O n a m a tta . 1 9 3 4  6 4  2 3 8
( 1 9 )  JaBM O t -  Z .  A o o x g .  O h m .  1 9 3 8  1
( 2 0 )  I m a d A o d  m ad K ia h l  -  J.J t o r .  O h m .  a o o .  I S I S  6 4  2 9 1
( 2 1 )  S a a m a r jM  -  J .  I n d ia n  C ham . B o o .  1 9 8 0  2 7  4 1 8
( 2 2 )  a a tM B  -  , .  C ham . B o o .  1 9 8 3  2 8 8 8
B a a *  I .
Hfrhl  f f lff lf tr iy y (C O Q tilB M d )
( S 3 )  a n t e —  © nd f t i m y  -  s e e  ( 3 )
( 8 4 )  C a g U o t t i  >  A t t i .  S .  A e a d . L l n o o l .  1 9 3 3  SE 1 4 B
( S 3 )  C o le  — d  J a d t m  -  3 .  F fc y e . C e l l .  O b e x . I 9 6 0  9 4  1 3 3
( 8 4 )  B i l l o t  -  0 — p t .  B e n d . 1 E 7 6  Q g, 8 9
(S T ) B e e — e —  -  O o m p t. B e r t .  1 B 3 S  3 0 3  7 8 1
( » )  «  -  " 1 9 4 4  jO J , 8 8 8
( 8 9 )  M o e l le r  -  la n — M o  G h t n i s t r y ,  M b  W ile y  le  S a n e , B e e  Y o r k , P . 6 4 8  
( 3 9 )  A l l s  a n d  S M c  -  Z . same.O h m . 1 9 4 9  2 6 0  8 9 9
M J k
( 3 1 )  H e l l e r  -  S a q n M u t f t  T r e a t i e s ,  9 9 1 .  X X , 1 9 3 L  P .4 7 9 .
( S 3 )  B b m i  .  M A r t p  a— . X 34B  ®  X 48
( 3 3 )  B e n e e ls b a x g  -  F o g g . B e .  1 B 4 6  6 6  1 4 9
( 3 4 )  X oB optt — 4  B e e  -  X . G tu eu  B e e .  W j f  H i  < 9 6
(S B ) B e e e .  —  e n d  B r e n s  -  X . o r .  C h e n . 3 o e .  1 3 3 9  3 8 1 3
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